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Have you received your copy of this valuable 
250-page Specification Catalog? 

It lists the complete line of Baker Laboratory 
Chemicals, with prices and package descriptions. 
It gives you specifications for all ‘Baker Analyzed’ 
Reagents—the laboratory chemicals with the in- 
formative actual analysis on every label. 


The listings usually include the formula, formula 


Baker Chemicals 
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YOURS FREE 


this new catalog 


... 5 new primary standards 
. - 62 new chemicals 


. -- 600 improvements 
in specifications 


weight and physical description. Many new assay 
and pH ranges are given for the first time. You 
will also find 185 of the Reagent chemicals for 
which ACS standards have been established. 


One glance at this new 50th anniversary catalog 
and you'll want it at your fingertips, ready for 
constant use. If you haven’t received a copy, mail 
the coupon for yours now. 
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Dept. J-6, Phillipsburg, N. J. 
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Tue National Science Teachers Association deserves 
congratulation on its recent Second Annual Meeting. 
This association, whose activity mostly concerns the 
educational levels below the college, should be more 
appreciated by those teaching at all levels. 

We whose interests are centered in one of the subject- 
matter fields, such as chemistry, must recognize that 
science teaching is a more general problem in the sec- 
ondary school. While chemistry, physics, and biol- 
ogy may indeed maintain a separate existence there 
for some time to come, nevertheless the main problem 
is to keep science in its proper place in the secondary- 
school curriculum. 

It is even more important that the student-product 
shall be delivered to the chemistry teacher in college 
with a well oriented background in science than with 
a half-digested preparation in chemistry. Of course, it 
would be nice to have both, but we can’t always have 


4 what we want. 


Science teachers must hang together and unite their 
voices if they are to maintain their place in the educa- 
tional picture against all the pressures that are now 
coming to bear. It is perhaps shocking to realize that 


there is any argument about “the place of science in 
general education.”’ 

A gathering such as the one mentioned above shows 
the error of a common misconception. The idea that 
subject matter is not thought to be important by ele- 
mentary and secondary-school teachers is not as widely 
held as many people suppose. While some “educa- 
tionists” may perhaps believe that a teacher need not 
know anything about what he is teaching, this belief 
certainly does not dominate the lower fields of science 
education. More than a scattering of those at the 
NSTA meeting might be described as ‘“educationists,”’ 
and I met none who did not want the science teacher to 
be as well versed in his subject matter as possible. 
Let us not be too ready to ascribe “guilt by associa- 
tion” but rather to be sure of our facts. 

It is difficult for the college teacher and the secon- 
dary-school teacher to find a common ground, either in 
the subject matter itself or in their respective educa- 
tional problems, which are so different. Nevertheless, 
in the interest of the larger objectives with which they 
are both concerned, such a common meeting ground 
should be sought by an effort from both directions. 
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Bhotoaicai chemistry is a study of the nature of the 
structural components of tissues and the metabolic 
changes going on at all times inside the living cell. In 
addition to a qualitative description of the structural 
components of the animal body, biochemistry describes 


* BIOCHEMICAL REACTIONS 


TABLE 1 
Fundamental Gonneuts of Chemistry Relating to the 
Nature of Biochemical Reactions 
Application to biochemical 
reactions 


(1) Weight relations in Matter and energy are not lost, 
chemical reactions but may be _ interconverted. 
and conservation of This permits the biochemical 


matter and energy storage of energy-rich com- 
— which may be utilized as 
n 


(2) Mass action and the Rates of reactions are variable. 
speed of chemical re- _—In addition to external factors, 
actions * reaction rates depend on the ef- 

fective concentrations of the re- 
acting substances; the concen- 
tration of substances in bio- 
chemical reactions is in the order 
of micro amounts. 

Reactions may either go to com- 
pletion or to equilibrium. Fre- 
quently, biochemical reactions 
go to completion because the 
product formed is immediately 
utilized in a second reaction. 

Reactions may be speeded up by 
specific chemical agents. ed 
iological catalysts are protein 
enzymes; they are very specific 


(3) Chemical equilibrium 


(4) Catalysis 


in their activity. : 

(5) Homogeneous versus Biochemical reactions may be car- 

dispersed systems ried out in true solutions, at the 
interface between fat and an 
aqueous solution, and at the in- 
terface between the mitochon- 
drial surface and an aqueous 
solution. 

(6) Valence, chemical af- Biochemical compounds are clas- 
finity, and molecular sified as organic compounds. 
structure Some exhibit the relatively 

simple structures of acids, esters, 
alcohols, aldehydes, and ke- 
tones. Others are complex pro- 
teins, lipids, polysaccharides, 
condensed rings, and heterocy- 
clic compounds, 


the quantitative composition of the body, that is, the 
size of the body compartments: (1) volumes of the 
fluid compartments; (2) the equivalence and osmolarity 
of the ionic environments; and (3) the masses of 
mineral constituents and cell solids. Metabolic reac- 
tions describe the chemical changes whereby substances 


CARL ALPER 
Hahnemann Medical College, Philadelphia, 
Pennsylvania 


are formed from basic precursors. These reactions are 
controlled chemically by the amounts of matter and 
energy involved in the specific biochemical reaction and 
physiologically by the nervous system and the hor- 
mones of the endocrine glands. 

Introductory courses in chemistry emphasize the 
concept of chemical equilibrium and the nature of 
chemical reactions (Table 1). These concepts apply 
throughout the realm of chemical reactions, whether 
they are carried out in a reaction chamber such as a test 
tube or in a reaction chamber such as a living cell. 
The distinction between these two systems is that in 
test-tube experiments the reaction may be controlled 
easily by the investigator, whereas in the cell the con- 
trols are a function of the internal environment, the 
hormones, and the nervous system. 

Courses in organic chemistry describe a vast number 
of chemical reactions based upon the chemical nature 
of certain reactive groups, ring and chain structures 
(Table 2). Recently efforts have been made success- 
fully in the interpretation of organic reactions based 
upon electronic structures (1-5). 

A systematic study of biochemical reactions is gen- 
erally lacking in the course in biological chemistry. The 
reason for this may be that in the past students of bio- 
chemistry have placed little emphasis on the interre- 
lationship between chemical structure and the func- 
tional and metabolic aspects of biochemistry. Courses 
in biological chemistry include discussions of the 
chemistry and metabolism of carbohydrates, fats, and 
proteins, enzyme chemistry, and biological oxidation 
and reduction. In many of the textbooks emphasis is 
placed upon enzyme nomenclature and classification, 
whereas little or no interest is demonstrated in the 
fundamental types of biochemical reactions that occur. 
Although much information may be gleaned from a 
classification of enzymes (Table 3) according to the 
modern point of view, the average student cannot be 
expected to accomplish this for himself. 

There is no significant difference between reaction 
types in biological chemistry and organic chemistry 
except that in physiological systems, as a rule, the reac- 
tions are catalyzed by enzymes and carried out under 
very mild conditions (Table 4). 

It is the purpose of this review to demonstrate the 
relationship of reaction types in biological chemistry 
with the previous experience of the student in organic 
chemistry and to compare the factors which control 
chemical reactions inside the cell with those in the test 
tube. 
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FACTORS CONTROLLING BIOCHEMICAL REACTIONS TABLE 3 
The fundamental reaction with which all students of Clessification of Enzymes* 
chemistry are familiar is the representation of a double (1) Hydrolases (clvave a reactive group) 
replacement or metathesis reaction: @) Esterases 
A+B=C+D energy (1) 

nA + mB = 10 + energy 
The equation as written represents the relative number Src me remem 
of molecules of each substance which participate in and C-C tar tacwrel 


result from the reaction. It also represents the fact (2) yansferases (transferring part of the donor molecule except 
that neither matter nor energy is lost in the reaction. hydrogen or electrons to the acceptor molecule) 
However, the equation does not describe the factors a) Transmethylase 
which control this reaction and leaves open for con- 
sideration the following questions: d) Transphosphatase 

(1) How is the reaction initiated? ¢) Transaminase 

(2) Does the reaction go to completion or achieve an 7 magna Snag 
equilibrium state? (3) Oxidoreduct 

(3) What determines the rate of attainment of a) Aerobic and anaerobic transhydrogenases 
equilibrium? b) Aerobic and anaerobic tranasloctronnais 

(4) What happens to the end products of the reac- c) Peroxidases and catalases 
tion? (4) Lyases and syntheases 


In the purely chemical system (Table 5) the reaction 
is initiated and controlled by the investigator. In a 
biochemical system (Table 5) the exact mechanism for 
the initiation of a cycle of metabolic reactions is not 
well understood. Finite physiochemical control is 
manifested by the nervous system, neuro-humoral 
agents in conjunction with hormones, the concentration 
of enzymes and coenzymes, and the internal physiologi- 
cal environment (7) made up of electrolytes, nonelec- 
trolytes, and macromolecules. Under the mild condi- 
tions of the cellular environment, which are fairly con- 


(a) Enzymes splitting or synthesizing C-C bonds 
(b) Enzymes splitting or synthesizing C-N bonds 
(c) Enzymes splitting or synthesizing C-S bonds 
d) Enzymes splitting off or adding H,O 


(5) Isomerases and racemases (catalyze molecular rearrange- 


ments ~ 


aan en O., Advances in Enzymol., 14, 219 
1 


stant for all biochemical reactions, the physiological 
controls of biochemical reactions serve to activate spe- 
cific biochemical reactions, to control the pathway of 


control 
he test 


TABLE 2 
Some Organic Functional Groups Important in Biochemistry 
Name Formula Class of compound Biochemical compounds 
Hydroxy] grou —OH Alcohols Alcohols 
Carbohydrates 
Hydroxy acids 
Carboxyl group —COOH Acids Acid 
Carbonyl a) Aldehydes and ketones Carbohydrates 
Glyceraldehyde 
Amino group —NH, Amines Amino acids 
Sulfhydryl group —SH Mercaptans Thio acids 
Methiol compounds 
Phenyl group : sf | Aromatic Amino acids 
Cyclopentanoperhydro- Polycyclic condensed ring Steroid hormones 
phenanthrene xX Bile acids 
| Vitamin D 
XA 
i | 
ester) 


Pyridyl Group 


Heterocyclic N compound 


Niacin, vitamins Be, and 
coenzymes 


| 
0) 


TABLE 4 
Physiological Environment of Biochemical Reactions 
0 Temperature Reactions proceed at 37°C. 
(2) Hydrogen ion concen- Approximately neutral, pH 7.34. 


tration 
(3) po- redox potential, rH 17- 


(4) — of react- Extremely low. 


All biochemical reactions take 
place either in dilute aqueous 
solutions or at the interface of 
such solutions with fatty, fi- 
brous, or mitochondrial layers. 

(6) Concentration of en- Under physiological conditions 

zyme this should be fairly constant. 


(5) Single solvent system 


metabolism of a given substance, and, finally, to inte- 
grate the metabolic pathways of a number of physiolog- 
ical substrates to yield useful energy and precursors 
for tissue synthesis. 

In addition to the factors which determine the rate 
at which a biochemical reaction (Table 4) reaches 
equilibrium in vitro, one should consider the point of 
equilibrium for the entire biochemical system in vivo. 
Not only is the rate of the end reaction a function of the 
factors previously discussed, but it is subject to the 
rates of food intake, food digestion, metabolite absorp- 
tion, metabolite transport, metabolism, tissue synthesis 
and breakdown, and excretion. The over-all rate of the 
system is a function of the rate of the slowest reaction. 
Thus, the equilibrium constant, which is calculated 
from the respective concentrations of the reactants and 
end products of the reaction after equilibrium has been 
attained, is in reality a summation effect of all of these 
factors. It must be realized, however, that in bio- 
chemical systems the contribution of any one of these 
physiological factors to the final result cannot be eval- 
uated. Since the concentrations of reactants in bio- 
chemical reactions are very low (frequently in the range 
of micromoles of reactants) only with the recent de- 
velopment of micro and ultramicro analytical tech- 
niques have measurements of equilibrium constants of 
biochemical reactions in vitro become possible (8a). 

Metabolism is a complex system of biochemical re- 
actions functionally linked together in coupled reactions. 


‘TABLE 5 
An Analysis of an In Vivo and In Vitro Chemical 
Transf 


ormation 


(1) Chemical trans- + H,O — n-Glucose 
formation In In vivo 


(2) of reac- Man-comtroliéd Hormonal 
(3) Catalysis 


temp. factors 

* Net energy change Wasted Useful 

(5 of Reactiongoesto Steady state, dy- 
completion namic equilibrium 


(6) Fate o * rm prod- End _ products End products are use- 
ucts accumulate ful in energy pro- 
duction or forma- 
tion of glycogen de 

novo 


HCl at boiling Enzymes and co- ~ 
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As soon as a compound is formed in a given trans- 
formation it is used.up as the substrate in the succeed- 
ing reaction. This mechanism does not permit the ac- 
cumulation or piling up of any one constituent. If in 
some way a biochemical transformation is partially 
inhibited or completely blocked, as might occur in 
certain pathological disturbances or because of the ac- 
tion of a drug, then one should expect a building up of 
the concentration of the final compound formed with 
its consequent effect on the equilibrium of the reaction 
in which it is formed. 

Finally, before leaving this subject it is necessary to 
consider the concept of reversibility of biochemical re- 
actions. For chemical reactions to be freely reversible 
there must be no resultant change in the free energy of 
the system. Frequently in bicchemical systems, where 
temperature and concentrations of reactants vary rela- 
tively little, there is a net decrease in free energy; and, 
therefore, for a reaction to be reversible an input of 
energy is required to maintain energy balance. Con- 


TABLE 6 


Fundamental Types of Biochemical Linkages 
(Linkages Between Carbon and Related Atoms) 


Carbon-Carbon 


Amino acids 
Monosaccharides 

Fatty acids and esters 
Alicyclic compounds 
Fatty acids and esters 
Monosaccharides 
Glycosides 

Alcohols 

Aldehydes 

Ketones 

Amino acids 

Amides 

Peptide linkages 
Glucosamine 
Heterocyclic compounds 
Amino acids 
Heterocyclic compounds 


Carbon-Oxygen 


Carbon-Nitrogen 


Carbon-Sulfur 


sequently, although many biochemical reactions are re- 
versible, others are not because of the decrease in free 
energy of the system. Since systems of biochemical 
reactions have a common starting point and must be 
able to return to this starting point, we have devised 
the concept of cycles of metabolic reactions. This 
concept is essential and has proved to be true. It is 
the only way in which a starting point may be restored 
if one of a system of coupled reactions is irreversible. 
We also observe that the chief manifestations of life, 
synthesis and growth, are irreversible processes. Thus 
we must conclude that the reversibility of individual 
biochemical reactions is not carried over by the com- 
plete biochemical system. 


FUNDAMENTAL TYPES OF BIOCHEMICAL LINKAGES 


Prior to a consideration of the nature of biochemical 
reactions, it is necessary to review the structure of com- 
pounds that play an important role in biological chem- 
istry. Generally, inorganic ions are important in the 
maintenance of osmotic equilibrium. The only in- 
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organic chemical reaction of importance in biological 
chemistry is the formation of apatite and apatite-like 
salts in the formation of bones and teeth. 

Organic chemistry, which encompasses the chemis- 
try of carbon compounds, was originally so designated 
because at that time it pertained only to the chemistry 
of plant, animal, and micro-organism materials. In 
the chemistry of living systems the compounds of im- 
portance exhibit carbon-carbon, carbon-oxygen, carbon- 
nitrogen, and carbon-sulfur bonds (Table 6). The 
C--O, C—N, and C—S classes of compounds repre- 
sent groups which are chemically and physiologically 
very reactive. We might state this as an axiom to the 
previous statement: all polar bonds are chemically 
and physiologically very reactive. 

The fundamental types of biochemical linkages are 
peptide, glycoside, and ester in proteins, carbohydrates, 
and lipids, respectively (Table 7). In addition to these 
we find demonstrated in biochemical compounds acid 
anhydride, acyl, phosphate ester, and pyrophosphate 
linkages. 

Thus it is to be noted that biochemical compounds 
may be classified either as organic compounds or as 
organic chelate complexes. Generally, the structures 
of the biochemical macromolecules (naturally occurring 
high molecular weight polymers) are exceedingly com- 
plex and have not been completely determined. For 
example, although the naturally occurring amino acids 
are known, it is difficult to ascertain the succession of 
amino acids in a protein molecule. The possibilities 
for such combinations are limitless. By way of con- 
trast, the structure of the synthetic polymers such as 
nylon, Buna rubber, and rayon are well known. In 
addition to their complexity of structure, biochemical 
compounds exhibit a higher degree of lability than the 
commonly known organic synthetic polymers. This 
property results in added difficulties in the determina- 
tion of the structures of the naturally occurring macro- 
molecules. 


FUNDAMENTAL TYPES OF BIOCHEMICAL REACTIONS 


The fuels which are ingested to maintain the energy 
requirements for life and to provide precursors for tissue 
syntheses are complex structures. The foods consist 


TABLE 7 
Fundamental Types of Biochemical 
(Linkages Between Simple Molecules) 


Compound Linkage 
Protein Peptide 
Amide 
Salt 
Hydrogen bonds 
Carbohydrate Glycoside 
Acetal 
Lipid Ester 
Acid 
Acid anhydride 


Acyl compounds 
Organic phosphates Ester ‘ 
Acid anhydride 


TABLE 8 
Fundamental Types of Biochemical Reactions 


(1) Lytic reactions 
a) Hydrolysis 
b) Phosphorolysis 
(2) Transfer reactions 
a) Transmethylation 
b) Transphosphorylation 
Transacylation 


d) Transglucosidation 
e) Transamination 
Transesterification 
) Transpeptidation 
(h) Transamidination 
(3) Oxidation-reduction reactions 
(a) Loss of hydrogen 
(b) Gain of water, loss of hydrogen 
(4) Condensation 
Aldol 


a 
b) Acyl phosphate condensation 

c) Carboxylation 

(d) Condensation with formy] radical 


(5) Isomerization and racemization 


of carbohydrates, proteins, and fats from animal and 
plant sources. These substances are converted in the 
digestive tract by hydrolytic and phosphorolytic reactions 
into simple compounds (Tables 8 and 9). Following 
entry into the circulation, these simple compounds 


TABLE 9 
Digestion of Biochemical Fuels 
Original 
Suels— Carbohydrates Proteins Fats 
Starch Animal and Fats and 
Glycogen vegetable other lipids 
Sucrose proteins 
Lactose 
Pentose 
Fellowing di- Glucose Low mol. wt. Glycerol 
gestion enter Fructose polypep- Fatty acids 
circulation Galactose tides,amino Choline 
as: acids, pu- H;PO, 
rine and Cholesterol 
— Cholesterol 
ases esters 


eventually find their way to the sites of metabolic 
activity in the animal organism. ‘The products: which 
are assembled in the liver and other tissue cells consti- 
tute the metabolic pool (Table 10 and the diagram) and 
will be used for tissue synthesis and energy production, 
or will be excreted as end products of metabolism. 
The biochemical reactions observed in the course of 
metabolism (Table 8) include transfer reactions, oxi- 
dation-reduction reactions, condensation reactions, 
and isomerization and racemization. 


Hydrolytic Reactions (9-16) 


The principal reaction of the digestive tract is that of 
hydrolysis. The excess of water would favor the state 
of equilibrium that approaches complete hydrolysis. 
A condition that further favors complete hydrolysis 
of fats, carbohydrates, and proteins in the digestive 


rs 
rs 
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TABLE 10 
Metabolic Pool (Labile Reserve) 


Carbohydrates Proteins Fats 


Glucose Proteins 
Fructose Amino acids 


2-C residue Pol: tides 
2-C residue 


1-C residue 
rea, 
Other N products 
1-C residue 


Fat 

2-C residue 
Ketone bodies 
1-C residue 


tract is the removal from the site of reaction of the 
smaller fragments by the absorption of the products of 
hydrolysis into the circulatory system. The products 
which are absorbed are transported to the major sites 
of metabolic activity. By way of contrast, organic 
hydrolytic reactions have well defined equilibrium con- 
stants. 


(a) Proteolysis (14-16). 


H H 
R—C—N + HOH—R—COOH + H.N (3) 


COOH ‘OOH 
Peptide bond + Water — Amino acids 


(b) Lipolysis (11-13). 
R—C—OR’ + HOH — R—C—OH + R’OH 


Fat + Water— Acid 
(c) Lysis of glycoside linkage (9, 10). 


\CHOR + HOH — _ DoHoH + ROH 


| | 
Polysaccharide -+- Water Monosaccharides 
Phosphorolytic Reactions (17-21) 


Phosphoric acid rather than water is the participant 
in the cleavage of glycosidic bonds in polysaccharides 
and nucleosides in animal tissues. 


Glycogen + H;PO, — Glucose-1-phosphate (6) 

Sucrose + H;PO, — Glucose-1-phosphate + Fructose (7) 

Inosine + H;PO,— Hypoxanthine + Ribose-1-phosphate (8) 
Transfer Reactions 


The biochemical transfer of groups from one organic 
residue to another is catalyzed by a group of enzymes 
known as transferases. This reaction involves the re- 
placement of one component of a sensitive biochemical 
linkage by another similar component. Although the 
transfer of whole groups is not a new concept to stu- 
dents of chemistry, such reactions are more generally 
peculiar to biochemical phenomena. Occasionally, 
such reactions have been observed in organic chemis- 
try; for example, the Gabriel synthesis of glycine from 
phthalimide. Such reactions, although thermodynami- 
cally feasible, do not occur in the test tube except in the 
presence of an enzyme. Obviously, the physiological 
catalyst lowers the energy barrier and permits the 
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activation of the group on which the replacement is to 
occur. 

(a) Transmethylation (22-24) is the biological trans- 
fer of preformed methy! groups from dietary sources. 
The naturally occurring methyl donors, that is, the 
compounds which have a labile methyl group, are chol- 
ine, betaine, dimethylpropiothetin, and methionine. 
Transmethylation plays an important role in the bio- 
synthesis of methionine, choline, sarcosine, and creat- 
ine. The labile methyl group of methyl donors also 
provides the N-methyl group of epinephrine and N’- 
methylnicotinamide. 


R—CH; + R’H = R’—CH; + RH (9) 

Betaine + Homocysteine = Methionine + Dimethylglycine (10) 
(b) Transphosphorylation (25-27) is the biological 
transfer of phosphate from compound A to compound 
B. This reaction, more frequently than other trans- 


Tissue cells 
(Maintains constancy of 
composition level) 


Variable 
intake 


LABILE 
STORE 


Blood plasma and extracellular fluid 


(Maintains and reflects 
constancy of composition) 


Diagram of Elastic Adjustment of Body Labile Stores 


Variable 
output 


fer reactions, probably will carry with it a change in the F 
content of freeenergy. The most important phosphate 
donor compound is adenosine triphosphate. It may be 
considered as a storage depot for potential chemical 
energy. ATP participates in a variety of coupled bio- 
chemical reactions in which the bond energy is con- 
verted to useful chemical work. This energy is 
utilized in chemical synthesis, osmotic work, heat, 
light, mechanical work, and electrical work. 


O O 
n—t_on + + RH 
H H 


Adenosine triphosphate + Glwcose 
Adenosine diphosphate + Glucose-6-phosphate (12) 


(c) Transacylation (28-31) is the biological transfer 
of acyl, essentially acetyl, groups from one compound to 


another. A necessary requirement for this system is 
the cofactor, Coenzyme A. The discovery of this co- 
factor and the biochemical reactions in which it partici- 
pates have led to significant advances in the metabolism 
of the two-carbon unit and fatty acids. 


R—C—R’ + R’H = R—H + R’—C—R’ (13) 


Acetyl-Co A + H;PO, = Co A + Acetyl-PO, (14) 
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(13) 


(14) 


H 
| 
Acetyl-Co A + RNH; —~ Co A + R—N—C—CH,; (15) 


Acetyl-Co A + Oxaloacetate - Co A + Citrate (16) 
Acetyl-Co A + Acetate > Co A + Cy,compound (17) 


(1) Transamination (32-34) is the biological transfer 
f un amino group from an amino acid to a keto acid. 
his is one of the important reactions involved both in 
he synthesis of amino acids from nonprotein sources 
and in the catabolism of amino acids. It is a reversible 
eaction which has been observed to be a general meta- 
bolic process for almost all of the amino acids with the 
exception of lysine. 


COOH 
| 
—CH 


COOH COOH 
NH: + R—C=0 + 
COOH 
(18) 
(ec) Transamidination (85, 36) is the biological trans- 
er of the amidine radical from arginine, as a donor sub- 
stance, to glycine in the production of guanidinoacetic 


acid. This is an essential step in the biosynthesis of 
reatine. 


H NH H NH 
Arginine + Glycine — Glycocyamine + Ornithine (20) 


(f) Transglycosidation (21) is the biological replace- 

ent of one component of a glycosidic bond by another 

adical. This reaction leads to the formation of poly- 

saccharides from simple sugars. 

R—Glycosyl + R’OH = R’—Glycosyl + R—OH 

Maltose + Maltotriose = Maltotetrose + Glucose 
nSucrose = (Glucose), + nFructose 


(21) 
(22) 
(23) 
(g) Transesterification (37) is the biological replace- 
ent of one component of an ester linkage by another 


prganic group. Such a reaction serves as an important 
echanism for the synthesis of lipids. 


RCOOR’ + R’OH = RCOOR’ + R’'OH (24) 
(hk) Transpeptidation (38, 39) is the biological replace- 
nent of one component of a peptide bond by another 


prganic radical. This reaction leads to the formation of 
polypeptides and proteins. 


+ NH;R’” = 


§ 


= H 
L 


idation-Reduction Reactions (8b, 40) ‘ 


Oxidation is defined as the loss of electrons and re- 


duction as the gain of electrons. In any single system 
if a substance is oxidized there must be present a second 
substance which will be reduced. Thus, the electron 
acceptor is reduced and the electron donor is oxidized. 
Practically all of the energy needed by living organisms 
comes from biological oxidation-reduction mechanisms. 
The oxidative processes of living systems have evolved 
the following features: (1) energy is released in small 
increments, no greater than 12,000 calories per mole, 
which can be handled readily by living cells; (2) the 
metabolic reactions which result in the release of free 
energy are coupled with other reactions into functional 
systems which simultaneously provide and absorb the 
free-energy changes. There are three types of oxida- 
tive changes observed in physiological systems. 
(a) Loss of electrons. 


Fet+ = Fe+*++ + ¢€— Electron acceptor 
(b) Loss of hydrogen. 
CH; CH; 
HOH = bo + 2H* + 2¢«—H acceptor + 
boon OOH 
CH,COOH HOOCCH 
HCOOH” 


(26) 


Electron acceptor (27) 


+ 2H+ + 2¢«—H acceptor + 
Electron acceptor (28) 
(c) Gain of oxygen. 


H, + O, H,02 (29) 


Since no one such process would provide for the com- 
plete conversion of a six-carbon residue to carbon diox- 
ide and water, and since the energy released would be 
too great if released all at once by the cell, oxidation is a 
step-wise process. With each oxidative step there is 
liberated a small amount of energy which may be uti- 
lized for the immediate physiological requirements of the 
organism or may be stored for future use. 

Frequently, biological oxidations proceed according 
to the following pattern: 

(a) Loss of hydrogen to form a double bond: 


H H 
R—CH,—CH,—COOH = + 2H* + 2 (30) 
(b) Addition of water to form an hydroxy acid: 


H H 
r—G—¢—COOH + HOH = r—G—¢—CooH (31) 
H 


(c) Loss of hydrogen to form a keto acid: 


H 
r—¢—d_cooH = + 2H+ + 2 €(32) 
H H 
(d) Oxidative rupture of the carbon chain to form 


an acid with two carbon atoms less; or in some instances 
where an alpha keto acid has been formed, oxidative 
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decarboxylation to form an acid with one carbon less in 
the chain. 


H 
= R—COOH + CH,COOH (33) 


R—C—COOH + '/:0: = R—COOH + CO, (34) 


Condensation Reactions 


These reactions are not well understood in biological 
chemistry. Although we may consider all of the trans- 
fer reactions as forms of condensation reactions, this 
section is concerned mainly with the addition of C,- 
and C,- fragments to pre-existing organic residues. 
These reactions are important in the synthesis of larger 
biochemical compounds from the small organic precur- 
sors found in the metabolic pool. 

(a) Aldol Condensation (41). 


OH H OH 


R—C—H + (35) 


3-Glyceraldehyde phosphate + 1,3-Dihydroxyacetone 
phosphate = 1,6-Diphosphohexose (36) 
(b) Carbozxylation (42, 43) is the biological fixation of 
CO, by the active methylene group of keto acids to 
form keto acids with an additional carboxyl group. 
A similar reaction between an active methylene group 
and a carbonyl! group is known as the Knoevenagel re- 
action in organic chemistry. 


CH;—C—COOH + CO. = (37) 


HOOC—C—CH:—CH:—COOH + CO, = 


HOOC—C—CH—CH;—COOH (38) 
OOH 


(c) Condensation with Formate (44-46). Although 
the nature of the active C,- metabolite cannot be de- 
fined precisely, it has been described as a derivative of 
formic acid because it is convenient todo so. Formate 
arises from the metabolism of glycine, the N-methyl 
groups of choline, and the S-methyl groups of methio- 
nine. Therole of formate is of primary significance in 
the biosynthesis of purines and in nucleic acid metabo- 
lism. 

CH,0H 


HCOOH + NH:—CH:COOH = NH:—C—COOH (39) 


(d) Condensation with C:-Fragment. This subject 
has been extensively discussed under the heading of 
transacetylation. 


JOURNAL OF CHEMICAL EDUCATION 


Isomerization and Racemization (47) 


There are several molecular rearrangements which 
are well established in biological chemistry. These 
rearrangements occur at several different points in the 
metabolic cycle. They are generally not energy-yie!d- 
ing reactions, but serve to prepare substrates for other 
reactions which provide energy or special precursors for 
tissue synthesis. 


(a) Transformations of structural isomers. 
(1) Aldose-ketose transformation (Keto-enol teu- 
tomerism). 
(a) Glucose-6-PO, = Fructose-6-PO, (40) 


(b) Glyceraldehyde-3-PO, = Dihydroxyace- (41) 
tone-PO, 


(c) Ribose-5-PO, = Ribulose-5-PO, (42) 
(2) Transformations involving the position of 
H;P0,. These reactions might be con- 
sidered intramolecular transphosphoryla- 


tions. 
(a) Glucose-1-PO, = Glucose-6-PO, (48) 
(b) 2-PO,-glycerate = 3-PO,-glycerate (44) 


(3) Interconversion of stereoisomers. These re- 
actions result in the exchange in position of 
reactive groups. 


(a) Glucose-1-PO, = Galactose-1-PO, (45) 
(b) Citrate = Isocitrate (46) 


(b) Racemization is the process whereby half of an 
optically active compound is converted into the 
enantiomorph with the resultant formation of the dl- 
modification. Although this is the commonly accepted 
term for the biochemical reaction to be described, it isa 
misnomer. This reaction, which is in reality an optical 
inversion, was mislabeled because the enzyme had been 
named a racemase. 


(1) d-lactic acid = I-lactic acid (47) 
(2) d-alanine = /-alanine (48) 


GLYCOLYTIC CYCLE AND KREBS TRICARBOXYLIC 
ACID CYCLE (48-52) 


A study of the common metabolic pathways of glu- 
cose and pyruvic acid (Table 11) illustrates many of the 
biochemical reactions described. It will be seen that 
to understand properly the metabolic schema certain 
type reactions must be known. With current trends in 
pathology and pharmacology resulting in a shift of in- 
terest to the cellular level, such information is very de- 
sirable. 


CONCLUSIONS 


The primary purpose of this review has been to en- 
phasize the singular unity of chemistry whether we are 
concerned with a chemical reaction at the laboratory 
bench or a chemical reaction inside the cell. 
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The factors which control the rates of chemical reac- 
tions are similar regardless of whether the reaction 
occurs tn vivo or in vitro. However, biochemical reac- 
tions are subjected to additional physiological controls 


Biochemical reactions are very similar to organic re- 
actions, except that they are almost universally en- 
zyme-catalyzed. They go nearly to completion since 
the end products are immediately utilized in coupled 


which cannot be directly exploited by the investigator. reactions. A knowledge of these relationships is of 
TABLE 11- 
Common Metabolic Pathways 
Enzyme-catalyzed 
or Nature of biochemical 
Reaction spontaneous reaction 
(1) a E ATP-linked phosphoryla 
1 -li phosphorylation 
(2) E Intramolecular transfer 
(3) phate Jf E Phosphorolysis 
Glycogen 
(4) E Intramolecular isomerization 
Fructose-6-phosphate 
(5) E ATP-linked phosphorylation 
Fructose-1-6-diphosphate 
(6) E Cleavage of C-C bond 
Glyceraldehyde-3-phosphate 
+ an E Intramolecular isomerization 
phate 
(7) 8 Phosphorylation 
Glyceraldehyde-1-3-diphosphate 
(8) Oxidation, loss of 2H 
1,3-Diphosphoglyceric acid 
(9) It E Phosphorolysis coupled with high energy 
PQ, production 
3-Phosphoglyceric acid 
(10) E Intramolecular transfer 
2-Phosphoglyceric acid 
(11) E Loss of water 
Phosphoenol pyruvic acid 
(12) If E Phosphorolysis coupled with high energy PO, 
production 
Enol pyruvic acid 
(13) i E Keto-enol tautomerism 
Pyruvic acid 
(14a) ia E Reduction, gain of 2H 
Lactic acid 
(146) E Flavoprotein-linked amino acid oxidation 
nine 
(14c) E Thiamine-linked decarboxylation 
Acetic acid 
(14d) E Biotin-linked CO, fixation 
Oxaloacetic acid 
(15a) E Pyridoxine-linked transamination 
artic acid 
(15b) E Goenzyme A-linked 
+ 2-C unit citric acid 
(16) J E Loss of water 
cis-Aconitic acid 
(17) E Gain of water 
Isocitric acid 
(18) E Oxidation—loss of 2H 
Oxalosuccinic acid 
(19) {i E Decarboxylation 
a-Ketoglutaric acid 
(20) E Decarboxylation, oxidation, loss of 2H 
Succinic acid 
(21) It E Oxidation—loss of 2H 
Fumaric acid 
(22) It E Gain of water 
Malic acid 
(23) E Oxidation, loss of 2H 
Oxaloacetic acid 
(24) a-Ketoglutaric acid + amino donor = E Pyridoxine-linked transamination 


glutamic acid 


| 


value only if the student realizes that metabolic activity 
is a pattern of integrated biochemical reactions in which 
energy release and competitive reactions are controlled 
in a system of complete physiological organization. 
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SUMMER CONFERENCE FOR HIGH-SCHOOL TEACHERS 


A CONFERENCE, or ‘“workshop,’’ devoted to improvement of 
high-school laboratory activities, will be held at Oregon State 
College, Corvallis, Oregon, August 7 to 23. The Future Scientists 
of America Foundation and the Crown Zellerbach Foundation 
are cooperating with Oregon State College in its support and 
organization. Two-hundred-dollar scholarships are available for 
32 teachers selected from the far-western states. 

The participants will form work and study groups in general 
science, biology, chemistry, and physics. Time will be divided 


between exchanging ideas and experiences in presenting effectivefcat: 


laboratory work, and preparing manuscripts for new and im- 
proved exercises. A portion of the program will be devoted to 
visits to university, government, and industrial research labora- 
tories. These visits will allow the participating teachers to see the 
skills and abilities of successful scientists. 

Application forms may be obtained from the Future Scientists 


of America Foundation, National Science Teachers Association,ied., 


1201 Sixteenth Street, N. W., Washington 6, D. C. 
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14 (1947) 
B3, 377-9 


cit., 1951 


HE procedures here reported for a series of related 
pxperiments for inclusion in the laboratory part of a 
first course in organic chemistry resulted from work 
Hirected to objectives other than those realized. The 
first goal was to find an easily prepared mixture of in- 
_fferesting substances that could be separated by the 
zymologiadyidely used chromatographic technique of fractional 
it., Vol. ,felution from alumina. It seemed to me that Johan- 
hes Thiele’s classical demonstration of 1,4-addition 
by reductive acetylation of benzil' (I) would present a 
number of interesting points of theory and that the 
esulting mixture of geometrical isomers (II, III) 
should be separable by chromatography, since Zech- 
meister? showed that cis- and trans-stilbene are so 
separable. 


32 (1941) 
16 (1958) 
; Federa 


hem., 138, 


(1945), 
33, 551-8 


TON, ibid, 


TON, 7bid., 


O 
2H(1,4-addition) 
cn, 
(I) 


cit., 1951, 


OH OH 

1952, Vol 

<> OAc AcO OAc 

C=C + c=C 

948). 
| (11) Gi) 
90 (1943) Thiele effected reductive acetylation of benzil with 


inc dust in acetic anhydride-sulfuric acid and noted 
hat the acid is in part reduced to sulfur, and in my 


STUDENT EXPERIMENTS ON DERIVATIVES OF 
1,2-DIPHENYLETHANE 


LOUIS F. FIESER 
Harvard University, Cambridge, Massachusetts 


conducting the reaction on a sizable scale. For example: 
20 ml. of 71 per cent perchloric acid was added drop- 
wise in 10 minutes to 40 ml. of acetic anhydride that 
was stirred mechanically in an ice bath; then 20 g. of 
benzil was added, followed by 8 g. of zinc dust, added 
in 0.5-1-g. portions in 5 minutes with cooling to main- 
tain a temperature of 25°. Crystallization of the crude 
reaction product from ether gave 7.1 g. of the more 
easily isolated high-melting isomer (m. p. 154.5-156°). 
However, I felt apprehensive about entrusting to the 
hand of a beginner a mixture offering so much potenti- 
ality for an explosion, and so experimented further. 
I finally found that the safer hydrochloric acid is just 
as satisfactory as perchloric acid in eliminating the 
disadvantages of sulfuric acid and so arrived, after 
23 trials, at the simple and rapid procedure given 
below. 

Thiele reported that after removal of the bulk of the 
higher-melting isomer, he had, by crystallization of the 
material recovered from the mother liquor, isolated 
the second isomer, m. p. 110°. Since Acree* prepared 
the substance by a method that gives only one isomer 
and found the melting point to be 118°, Thiele's 
material must have been impure. I had expected that 
the low-melting isomer could be isolated by chromatog- 
raphing the mother-liquor material, and indeed such 
separation was the chief point of the project. It was 
thus a surprise and disappointment to find that initial 
and terminal chromatogram fractions alike consisted of 
mixtures of the two isomers (of m. p. comparable to the 
mixture of Thiele). However, I found that both 
isomers have a marked tendency to remain in super- 
saturated solution; that the high-melting isomer can be 
very largely removed by simple crystallization followed 
by seeding; and that the other isomer can then be iso- 
lated in pure form by crystallization. Isolation of the 
second isomer requires care, patience, and some luck, 
and hence should be defined as a desirable but not a 
required part of the experiment. 

The configurational relationship of the two isomers 
is evident from comparison of their ultraviolet absorp- 
tion characteristics with those of the parent hydro- 
carbons. The principal ultraviolet absorption band of 
trans-stilbene,> 301 my (EZ = 27,600), is of 


mS tials of the procedure I noted the formation of hy- 

. Hrogen sulfide and encountered unreduced benzil and 

olored impurities. Recalling that reductive acety- 

ation of quinones is often catalyzed effectly by sodium 

pcetate, triethylamine, or tetramethylammonium bro- 

mide,* I tried each of these reagents in place of sulfuric 

acid, but with unpromising results; it seemed to me that 

eduction proceeded readily enough but that the rate of 

ncetylation of the intermediate enediol was not suffi- 

iently greater than the rate of its ketonization to ben- 

in. I then found that perchloric acid is an effective 

g effectiveitatalyst for both steps of the process and experienced 

= no difficulty from explosion or incipient fume-off on 
ch labora-§ ‘Ture, J., Ann., 306, 142 (1899). 

sto see thell * ZecumersteR, L., “Progress in Chromatography, 1938- 


1947,”” John Wiley & Sons, Inc., New York, 1950, p. 195. 
Scientist] *Freser, L. F., “Experiments in Organic Chemistry,’ 2nd 
ssociation,ied, D. C. Heath and Co., Boston, 1941, pp. 399-400. 


4 Acreg, 8S. F., Am. Chem. J., 29, 607 (1903). 

5 The determinations reported were done with a Cary record- 
ing spectrophotometer. The results for trans- and cis-stilbene 
are in reasonable agreement with those reported by SmaKuLa, 
A., anpD A. WASSERMANN, Z. physik. Chem., A155, 353 (1931). 
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longer wave length and greater intensity than that 
of cis-stilbene, \*°" 276 mu (LE = 10,300); the 
diminished light absorption of the cis isomer has 
been attributed® to interference between the ortho 
hydrogen atoms of the two phenyl groups that pre- 
vents coplanarity of these rings with consequent 
diminution of resonance. The diacetate melting at 
155° has the optical constants \*°" 271 my (HE = 


23,400), and that melting at 118-119° has \®®*" 265 mz . 


(E = 12,800); hence the higher-melting diacetate of 
longer wave length and greater intensity of absorption 
must be trans-stilbene-a,6-diol diacetate (II). 

In seeking confirmation of this conclusion based on 
absorption spectroscopy, my assistant, Dr. Wei-Yuan 
Huang, studied the catalytic hydrogenation of the trans- 
diol diacetate (II). Simple saturation of the ethylenic 
double bond could not be realized, but drastic hydro- 
genation afforded a substance of the composition of a 
1,2-dicyclohexylethane-1,2-diol diacetate, which, since 


CeHu 
Ac 


CsH;—C—OAc H 
H—C—OAc 


(II) (IV) (V) (VI) 


hydrogenation proceeds by cis addition, was expected 
to be the dl-diacetate (IV). The substance was indeed 
isomeric with the meso-diacetate (VI); prepared for 
comparison from meso-hydrobenzoin diacetate (V). 

meso-Hydrobenzoin, required for the above compar- 
ison, is conventionally made by reduction of benzoin 
with sodium amalgam, but it occurred to me that the 
working time could probably be shortened by use of an 
alkali borohydride and that the reaction would be a 
good one for introduction of the student to this modern 
method of reduction. I chose benzil rather than ben- 
zoin as starting material, for the rapid discharge of the 
yellow color shows that the reaction is soon over. The 
current high cost of sodium borohydride is offset by the 
low molecular weight of the reagent and by the fact that 
one mole of hydride reduces four moles of a ketone. 
The procedure cited below does indeed provide a rapid 
and economical method for the preparation of a small 
quantity of meso-hydrobenzoin (VII) in fair yield. 


Cis 
NaBH, 
HO-¢_H 
baat 
(I) (VII) (VIII) 


The mother liquor undoubtedly contains a small 
amount of dl-hydrobenzoin (VIII), since this stereo- 
isomer invariably is a minor companion in conventional 
preparations of the meso-diol. The literature regarding 


* Lewis, G. N., J. Am. Chem. Soc., 62, 2973 (1940). 
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mixtu 

dl-hydrobenzoin seemed to me extremely interestingffreate 
Zincke’ had reported in 1876 a crystallographic characHlimin 
terization that was recognized 21 years later as indicaMorma 
tive of hemihedrism by Erlenmeyer, Jr.,* who effected 
resolution of the dl-diol by slow crystallization fron, yc 
ether and mechanical separation of the two kinds off _ 
enantiomeric crystals. This is one of nine known case 
of resolution by crystallization recorded in Freuden 
berg’s treatise on stereochemistry. It would he ; 
thrilling experience for a student to crystallize a g 
compound and observe separation of optically activ 1" 
d- and I-crystals, in the pattern of Pasteur’s classical’! 
discovery of 1848, and I explored a number of possigp't tl 
bilities for practical preparation of the dl-diol. Iso nydro 
lation from a mixture with the meso-diol by crystalg*P°™ 
lization is reported” to be accompanied by “extrag!" ‘ 
ordinarily great difficulty,’ and chromatography prove( ith 
ineffective. The only known method of synthesis thagp'o!™ 
affords the di-diol exclusively is condensation of phenylff bror 
magnesium bromide with monomeric glyoxal;!' th@ P'° 
yield is very low and the process is obviously not adap 
able to student use. The di-diol ‘has been isolated iy 
the form of acetyl or benzoyl derivatives from mix 
tures resulting from 10-hour acetolysis of trans-stilben 
dibromide, but initial attempts to shorten the reactior 
time by operating at a higher temperature were un 
promising and afforded no dl-diol. cis-Hydroxylatio 
of trans-stilbene with osmium tetroxide was not exffkome1 
plored because of the high cost of the reagent; cidfjsed 
hydroxylation by permanganate oxidation does noffalls f 
appear practical since the meso-diol is oxidized verfholic | 
readily by permanganate to benzaldehyde. The alf4 ho 
ternate scheme of trans-hydroxylation of cis-stilben@feduce 
with hydrogen peroxide in acetic or formic acid waihlycol 
also tried without success, and in short this secon@\ction 
objective seemed unrealizable. The work did, howevetfnarka 
result in development of greatly simplified procedurethydroc 
for preparation of the required intermediates that covfhe se 
stitute new and interesting experiments for student#ehyd 
The standard method of preparing trans-stilbene i@ Of 1 
by treatment of benzoin in ethanol with zinc amalgamftilben 
and hydrochloric acid,’ '* but attempts to apply thigheny] 
method on a 1—2-g. scale with shortened working tim@tuden 
were not promising, particularly since the product wagfion o’ 
of inferior quality. The following three-step procesffarbox 
is simple and instructive and affords crystals of higifiterat 
purity and great beauty. Benzoin (IX) is converte(Marly 
by, reaction with thionyl chloride to desyl chlorid@y ref 
(X); this is reduced with sodium borohydride to @enzal 


7 ZinckE, Tu., Ann., 182, 241 (1876). 
8 ERLENMEYER, E., Jr., Ber., 30, 1531 (1897). ot b 
FREUDENBERG, K., “Stereochemie,” Franz Deuticke, 
zig, Wien, 1933. ion is 
10 Frrria, R., AnD H. AMMANN, Ann., 168, 67 (1876). 
11 Hermanns, P. H., Z. physik. Chem., 113, 337 (1924 
(Chem. Abstracts, 19, 970 (1925).) 
12 D. A., AND W. M. Dean, J. Am. Chem. Soc., 
3969 (1932). 1942). 
13 SuRINER, R. L., aNp A. BerGEr, Org. Syntheses, 23, 86 (1948 
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mixture of stereoisomeric chlorohydrins; and this is 
reated with zinc and acetic acid in ethanol to effect 
limination of the elements of hypochlorous acid with 
ormation of the hydrocarbon (X1). 
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SOCI, NaB 
COCHOHC.H; ———~> C;.H;COCHCIC,H; ———~> 
(IX) (X) 


Zn-HOAc 
—————> C,H; CH—=CHC,H; 
(XT) 


The transformation of trans-stilbene through the 
ibromide into diphenylacetylene seemed of interest, 
but the standard procedures of bromination and de- 
pydrobromination did not appear applicable to student 
xperimentation on a small scale. However, bromina- 


crysta I 
decd ion can be conducted smoothly and conveniently 
provegfith crystalline, odorless pyridinium bromide per- 


sais, tha bromide and the preponderant formation of the meso- 


libromide (XII) illustrates trans addition and provides 


h 
a e: product of interest for comparison with the dl- 
CH; 
ted i 
C;H;N +HBr;~ 
-stilben 
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(XT) (XII) (XIII) 


somer discussed below. The standard procedure’ 
wed for conversion of (XII) to diphenylacetylene 
alls for refluxing the dibromide with 43 per cent alco- 
holic potassium hydroxide in an oil bath at 140° for 
4 hours, but I found that the reaction time can be 
educed to a few minutes by employing triethylene 
lycol as solvent to permit operation at a higher re- 
ction temperature (165°). Observation of the re- 
markable crystallizing properties of the acetylenic 
tydrocarbon is a pleasurable climax to completion of 
he sequence of six preparative steps from benzal- 
ehyde. 

Of two usual methods for the preparation of cis- 
ilbene, that involving partial hydrogenation of di- 
ply thifhhenylacetylene did not seem worth considering as a 
ing tim@tudent experiment. The second method, condensa- 
luct waffion of benzaldehyde with phenylacetic acid and de- 
procesfarboxylation of the chief product, appeared from the 
of higiiterature to require some very lengthy operations. 
ynverte@arly workers effected the condensation in high yields 
chiorid@hy refluxing sodium or potassium phenylacetate with 
de to Senzaldehyde and acetic anhydride for several hours, 
but for present purposes the method was objectionable 
both because of the long reflux time and because of the 
ecessity for preparing a dry salt. The latter opera- 
ion is obviated in the procedure of Isikawa and Ta- 


ke, Leip 


CO.H Ccoo- 
RN Ht 
C.H;CHO + CH:C,H; ——— | C,H,CHCHC.H, ——— 
—H?t —H,0 
(XIV) (XV) (XVI) 
C=C 
| 
Li. H 
(XVII) (XVIII) 


keuti,'* who effected the aldol-type condensation under 
catalysis by triethylamine. However, the Organic 
Syntheses procedure of Buckles and Bremer" specifies 
heating a mixture of benzaldehyde, phenylacetic acid, 
acetic anhydride, and triethylamine under total reflux 
for five hours. In seeking to shorten the reaction 
time, I ascertained that the initial reflux temperature 
of the mixture specified is about 150° and explored 
various possibilities for increasing the temperature. 
The expedients of using phthalic anhydride in place of 
acetic anhydride, or quinoline in place of triethylamine, 
seemed wholly unpromising. Buckles and Bremer do 
not state that the proportions of reagents and the re- 
flux time were those found to be optimum, and indeed 
if they explored these points they may have been con- 
fused, as I at first was, by the fact that at the end of the 
reaction the product is not all present as free acid but 
is partly in a neutral form, probably as mixed an- 
hydride. On finding that this neutral material can be 
easily split by addition of excess hydrochloric acid to 
the cooled reaction mixture, I was able to explore 
easily the effect of varying the conditions. Simple 
improvements consisted in replacing the total con- 
denser by an air condenser to allow the more volatile 
amine and anhydride to escape partially, with conse- 
quent elevation of the reaction temperature, reduction 
of the amount of the volatile anhydride, and use of an 
excess of the less expensive and high-boiling aldehyde 
component. These changes brought the reaction tem- 
perature to about 170°, and experiment showed that 
the optimum yield can be realized in a reflux period of 
only 35 minutes. My developmental work in this 
instance entailed 23 runs. 

Buckles and Bremer submitted the crude, dark- 
colored reaction mixture to steam distillation, but 
I have not been able to figure out what purpose this 
operation was supposed to accomplish and have found 
it quite unnecessary. When an ethereal solution of the 
reaction mixture is shaken with aqueous alkali, the 
acidic components are extracted very cleanly and the 
colored impurities are retained completely in the ether. 
A sharp separation of the major product, cis-a-phenyl- 


7 (19248 E., Ann., 443, 161 (1925); Smrrn, L. I., anp 
H. H. Hoenn, J. Am. Chem. Soc., 63, 1180 (1941). 
Soc., L. I., anp M. M. Org. Syntheses, 22, 50 
). 


86 ( 1943 ‘ 


16 Isrkawa, S., anD H. Taxeuti, Chem. Abstracts, 33, 3353 
(1939). 

1 Buckies, R. E., anp K. Bremer, Org. Syntieses, 33, 70 
(1953). 
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cinnamic acid (XVII), from a small amount of trans- 
acid (XVIII), can be effected by a method discovered 
by Stoermer and Voht:" acidification of the colorless 
alkaline extract with excess acetic acid precipitates the 
cis-acid (XVII), and then addition of hydrochloric acid 
precipitates the trans-acid (XVIII) ; both acids are thus 
isolable in pure form. Determination of the acidity 
constants (in 60 per cent ethanol) provided an expla- 
nation of the sharp separation: the cis-acid (pK. 6.1) 


is distinctly weaker than acetic acid (pK, 4.76), whereas 


the trans-acid (pK, 4.8) is of practically the same acidic 
strength. The relationship between the two acids is 
comparable to that between cinnamic acid (pK, 4.44), 
which is structurally related to XVII, and allocinnamic 
acid (pK, 3.96), which is related to XVIII; in each 
series the stronger acid is that in which the carboxyl 
group on one doubly bonded carbon atom is cis to the 
phenyl group on the other. 

A third component of the reaction mixture was 
identified by Miiller” as trans-stilbene, and although 
the yield of hydrocarbon is only 2-3 per cent, this com- 
ponent can be isolated easily from the neutral fraction 
even in a small-scale experiment. Trials showed that 
neither of the acidic components suffers decarboxy- 
lation under the conditions of their formation, and it 
seems likely that trans-stilbene arises from an interme- 
diate aldol anion (XVI) by expulsion of carbon dioxide 
and hydroxide ion: 


Ccoo- 
— C.sH;CH=CHC,H; + CO, + OH- 


H 
(XVI) 


The Organic Syntheses procedure® for preparing 
cis-stilbene calls for heating cis-a-phenylcinnamic acid 
in a three-necked flask fitted with a thermometer and 
reflux condenser with copper chromite catalyst in 
quinoline at 210-220° for one and one-quarter hours, 
but no evidence is presented to show that there is any 


C.Hs 

C.H;—C—CO.H C.H;—C—H H —Br 
C.H;—C—H 
bat 

(XVII) (XIX) (XX) 


harm in letting the temperature rise to the point of 
reflux (235-245°); I found that refluxing for 10 minutes 
in an open test tube effects complete decarboxylation. 
Since cis-stilbene is a liquid (m: p. 6°) that is not easily 
purified and characterized as to purity, I decided to 
conclude the reaction sequence by conversion of the 
crude hydrocarbon (XIX) into dl-stilbene dibromide 


18 SroERMER, R., anv G. Vout, Ann., 409, 36 (1915). 

19 Mtuier, R., Ber., 26, 659 (1893). 

2 Buck.ss, R. B., ano N. G. WHEELER, Org. Syntheses, 33, 88 
(1953); procedure of Taytor, T. W..J., anp C. E. J. CRawForp, 
J. Chem. Soc., 1934, 1130. 
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(XX). The dl-dibromide is accompanied by a sma 


amount of meso-dibromide which, however, can b x 
separated readily by virtue of its very slight solubility ‘abe 
and the experience of effecting separation emphasize d 
the marked contrast in properties between the stere ‘ibe 
isomers, summarized as follows: f 
M.p. Solubility in ether (18° tify 

dl-Dibromide (XX) 114° 1 part in 3.7 parts low- 
meso-Dibromide (XII) 237° 1 part in 1025 parts § mid 
The corresponding dl-hydrobenzoin (VIII) has 4°’ 
greater dipole moment (see footnote 9) (u = 2.7 Debye —_ 
than meso-hydrobenzoin (u = 2.0 D.) and forms : <= 
acetonide more readily than the meso-isomer (see foo 2 
note 11) and is more strongly adsorbed from water b Suel 
charcoal.?!_ These facts are interpreted to mean tha ee 
rotation about the bond connecting the asymmetri ge 
centers is neither fully free nor completely restrict nua 
but that the favored conformation of the molecules ig” 4 
that in which the two phenyl groups are as far apart ee" 
possible. In the case of the dibromides the probabl ad 
favored conformations are those shown in the pr oa 
jection formulations (X XI) and (XXII), in which th (2 
molecule is viewed along the axis of the two as cent 
metric carbon atoms, shown superimposed; the full ® iz 
lines represent valences of the front atom and the dott a | 
lines those of the atom to the rear. In the meso§ “© 
dibromide (XXII) the two phenyl groups are on o oul 
Br Br Br H 0 

H H H Br ab 

(XXI) (XXII) 

posite sides of the molecule and so are the two lar, + 
bromine atoms, and hence the structure is highly§ i+) 
symmetrical, in contrast to XXI; the higher melting j:),, 
point and lesser solubility are thus attributed to sug ,), 
perior symmetry. sult 
Having found that dl-stilbene dibromide (XX) can 
be prepared readily in pureform from crude cis-stilbenef 
it occurred to me that debromination of this substance 4:1, 
should occur by the usual route of trans eliminationf ,._, 
and afford pure cis-stilbene. I tried a debrominationf ,,... 
procedure worked out in the sterol series,” consisting§ jin 
of gradual addition of zinc dust with ice cooling to af .}), 
solution of dl-dibromide (XX) in ether containing yiel 
trace of acetic acid, and found that the reaction prog jis 
ceeded in a few minutes but afforded not cis-stilbenef }),. 
but, in 80 per cent yield, pure trans-stilbene. 
Stilbene dibromide by the same procedure also afforded 
trans-stilbene (96 per cent yield). A search of the liqu 
literature then showed that many years ago Straus”§ ....) 
had found that both dl- and meso-stilbene dibromidef ,,,,, 
yield trans-stilbene on debromination with zinc dustf 
in ethanol. 
Hermanns, P. H., Z. Physik. Chem. 113, 385 (19249 


(Chem. Abstracts, 19, 986 (1925).) 
22 Freser, L. F., J. Am. Chem. Soc., 75, 5421 (1953). 
3 Srravs, F., Ann., 342, 262 (1905). 
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Young, Pressman, and Coryell?‘ made a qualitative 
comparison of the rate of debromination of the two 
dibromides with potassium iodide in acetone solution 
and established that at room temperature the meso- 
dibromide is debrominated about one hundred times 
faster than the dl-dibromide, but they neglected to iden- 
tify the reaction products. The smoothly proceeding, 
low-temperature zinc-debromination of the dl-dibro- 
mide in ether-acetic acid to trans-stilbene could con- 
ceivably proceed by an unusual process of cis elimina- 
tion. Alternatively, the reaction might follow the 
course of trans elimination to cis-stilbene and isomeri- 
zation under the catalytic influence of zinc bromide. 
Such rearrangement seemed to me unlikely, but ex- 
periment showed that the cis-hydrocarbon does indeed 


. § isomerize rapidly to trans-stilbene at room temperature 


in ether-acetic acid containing zinc bromide. Both 


-Edibromides thus probably undergo trans elimination, 


and the marked difference in reaction rate is attribu- 
table to a difference in the preferred conformations, 
(XXI) and (XXII). In meso stilbene dibromide 
(XXII) the two bromine atoms and the two asymmetric 
centers all lie in the same plane, and hence the situation 
is ideal for trans elimination.* In dl-stilbene dibro- 
mide (X XI) the two bromine atoms normally are on 
the same side of the molecule, and rotation to a posi- 
tion favorable for trans elimination is opposed by re- 
pulsion of the two phenyl groups. 

On finding that czs-stilbene cannot be regenerated 
from its purified bromine addition product because 
it undergoes isomerization in the process, I purified 
a batch of crude cis-stilbene by chromatographing it 
twice on heat-activated alumina and obtained material 
of spectrographic properties indicative of complete 
purity. Bromination of this material in acetic acid 
with pyridinium bromide perbromide gave the dl- 
dibromide (X- XJ), and no trace of the very sparingly 
soluble meso-dibromide (XXII) was found. The re- 
sult is in sharp contrast to the observation of Straus*® 
that treatment of cis-stilbene with free bromine in 
carbon bisulfide solution afforded two parts of dl- 
dibromide and one part of meso-dibromide. I then 
re-examined the bromination of trans-stilbene with the 
new reagent. Breuer and Zincke* reported that bro- 
mination of the hydrocarbon with free bromine in 
chloroform or carbon bisulfide afforded a maximum 
yield of 79 per cent of the meso-dibromide when the 
mixture was cooled carefully to avoid substitution in 
the phenyl groups. Wislicenus and Seeler?’ used the 
same procedure and found that the much more soluble 
di-dibromide can be isolated easily from the mother 
liquor in 13 per cent yield. A procedure for large- 
scale operation with avoidance of nuclear bromination 
consists of mechanically stirring a suspension of 20 g. 
of trans-stilbene and 40 grams of pyridinium bromide 


24 Youne, W. G., D. Pressman, and C. D. CoryE.L, J. Am. 
Chem. Soc., 61, 1640 (1935). 

2% Barton, D. H. R., J. Am. Chem. Soc., 72, 370, 1066 (1950). 

26 Breuer, A., AND TH. ZINCKE, Ann., 198, 154 (1879). 

2” WIsLICENUS, J., AND F. See.er, Ber., 28, 2694 (1895). 


perbromide (crystallized from acetic acid) in 400 ml. 
of acetic acid at room temperature. After one-half 
hour the reagent was consumed and a precipitate con- 
sisting of colorless, pure meso-dibromide was collected 
and found to weigh 35.3 g., or 93.5 per cent of the 
theoretical amount. The mother liquor on careful 
processing afforded 0.3 g. more meso-dibromide, and no 
di-dibromide could be found in the small residual oil. 
The comparisons show that there is distinctly greater 
stereospecificity of the addition (trans) in bromination 
with pyridinium bromide perbromide than in bromi- 
nation with free bromine. 

On completion of the experiments reported, I could 
not shake off a feeling of regret over nonrealization of 
the attractive objective of devising an experiment for 
students on the resolution of dl-hydrobenzoin by crys- 
tallization. I finally decided to gratify my own desire 
to examine the substance by preparing a sample by 
any method, however impractical it might be for stu- 
dent experimentation. I followed the procedure of 
Breuer and Zincke,* consisting of refluxing meso-stil- 
bene dibromide with acetic acid and potassium acetate, 
but extended the reaction time from the specified 
10-12 hours to 15'/. hours. The German workers 
saponified the reaction mixture and isolated dl-hydro- 
benzoin, a small amount of meso-hydrobenzoin, and 
trans-stilbene. I am ata loss to account for the forma- 
tion of trans-stilbene, which I isolated in 21 per cent 
yield. My experiment was not as successful as that of 
Breuer and Zincke, for I found much more meso-isomer 
in the diol fraction. I did, however, isolate dl-hydro- 
benzoin, and had the satisfaction of observing its separa- 
tion from ether in enantiomorphic prisms. As I am un- 
versed in crystallography, I could not at first separate 
crystals hemihedral in opposite senses. However, 
polarimetric examination of solutions prepared from 
individual crystals weighing from 3 to 19 mg. showed 
that some were strongly deztrorotatory, and some 
levorotatory to approximately the same degree: ad 
(CHCI;) +91.4°, —90.3°, +92.6°, —89.8°. 

My first experience with the Breuer-Zincke reaction 
indicated that it is still far from being a practical pro- 
cedure but nevertheless offers possibilities, which, 
however, can be evaluated only by trying a number of 
variations in the conditions of reaction and in the work- 
up. Other methods, for example, bimolecular reduc- 
tion of benzaldehyde, permanganate oxidation of trans- 
stilbene, even the Grignard reaction utilizing glyoxal, 
offer possibilities. The problem can be solved, I think, 
but considerably more work may be required. Now 
if the goal is in the interest of students, why should 
not students participate in the work of development? 
Hence I plan to present the problem to my honors- 
group sophomores as a project in research during the 
spring semester. With adequate manpower, every 
possible route and variant can be investigated. I 
think also that these able young students will be better 
able than I to learn enough about crystallography to 
effect segregation of the enantiomeric crystals. Other 
laboratories might care to participate in the project. 
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PROCEDURES 


(1) Reductive Acetylation of Benzil. To 7 ml. of 
acetic anhydride, cooled thoroughly in an ice bath, add 
dropwise and with good cooling 1 ml. of concentrated 
hydrochloric acid. Then add 1 g. each of benzil and of 
zine dust, swirl the mixture without further cooling, 
rinse down any crystals adhering to the walls with 
acetic acid. After 5 minutes add 25 ml. of water, swirl, 
and mash up the gray semisolid with a flattened stirring 
rod until it loses its oily character (2-3 min.). Collect 
the product and wash it with water and then (drying is 
not necessary) digest it with 70 ml. of ether to dissolve 
the organic material. Add a little anhydrous magne- 
sium sulfate to dry the solution, filter, evaporate to a 
volume of 15 ml., and let the solution stand undisturbed. 
Crystallization of trans-stilbene-a,8-diol diacetate (11) 
soon begins and is complete in 20-25 minutes (294 mg., 
m. p. 154-156°). Evaporate the mother liquor to dry- 
ness, dissolve the residue in 10 ml. of methanol, and let 
the solution stand undisturbed; after it has had time 
to come to room temperature introduce a tiny seed 
crystal of (II), which, usually in 20-30 minutes, gives 
rise to a second crop of (II) (58 mg., m. p. 153-156°). 
Concentrate the mother liquor and washings to 7-8 ml., 
repeat the seeding, and remove further crystals of (II) 
(62 mg., m. p. 153-155°). Then concentrate the 
mother liquor and washings to 4—5 ml., stopper the ves- 
sel, and let the solution stand overnight. Pure cis- 
stilbene-a,8-diol diacetate (III) often separates at this 
point in large rectangular prisms of great beauty: 215 
mg., m. p. 118-119°; second crop, 70 mg., m. p. 116- 
117°. If it does not, either concentrate the solution 
and try again or add a seed crystal of III. Material 
melting at about 110° still contains trans isomer. 

(2) meso-Hydrobenzoin (VII). Dissolve 0.5 g. of 
benzil in 5 ml. of 95 per cent ethanol, cool the solution 
under the tap to produce a fine suspension, and add 
0.1 g. of sodium borohydride (er potassium borohy- 
dride). The solid soon dissolves and the yellow color 
is soon discharged. After a total of 10 minutes add 
5 ml. of water, heat to boiling, filter if the solution is not 
clear, dilute to the point of saturation at the boiling 
point (10 ml. water), and let stand for crystallization. 
The diol separates in lustrous thin plates, m. p. 136- 
137°; yield, 0.35 g. 

(3) trans-Stilbene (XI). Place 2 g. of benzoin 
(crushed to a powder) in a 100-ml. round-bottomed 
flask, and cover it with 1 ml. of thionyl chloride; 
warm gently on the steam bath until the solid has all 
dissolved, and more strongly for 5 minutes. To remove 
excess reagent, evacuate at the water pump, add 10 ml. 
of petroleum ether, boil it off, and evacuate again. 
Desyl chloride (X) is obtained as a pale yellow oil (it 
will solidify if let stand). Dissolve this in 20 ml. of 


28 These procedures, with somewhat fuller instructions regard- 
ing the work-up, will be incorporated in a third edition of the 
author’s ‘Experiments in Organic Chemistry,’ which will in- 
clude pertinent infrared and ultraviolet characterizations of all of 
the compounds of the series. 
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95 per cent ethanol, cool under the tap, and add 180 
mg. of sodium borohydride. Stir and break up any 
lumps of reagent, and after 10 minutes add to the solu- 
tion of chlorohydrins 1 g. of zinc dust and 2 ml. of acetic 
acid and reflux the mixture for one hour. Then cool 
under the tap. When white crystals separate, addj™. d 
25 ml. of ether and decant the solution from the bulk of om 
the zinc into a separatory funnel. Wash the solution 036 
twice with water containing 1-2 ml. of concentrated§”3_ 
“hydrochloric acid, then (in turn) with 5 per cent sodium nie 
carbonate solution and saturated sodium chloride solu- na 
tion; filter through a cone of magnesium sulfate, add 
20 ml. of methanol, evaporate to 20 ml., and let the d 
solution stand to crystallize. trans-Stilbene separates §°” 
in iridescent plates, m. p. 124-125°; yield 1.0 g. 

(4) meso-Stilbene Dibromide (XII). Dissolve 1 g. 
of trans-stilbene in 20 ml. of acetic acid by heating on 
the steam bath, add 2 g. of pyridinium bromide per- 
bromide,” mix by swirling, heat for 1-2 min., during 
which time the reagent disappears and shiny white 
plates separate, cool under the tap, collect the product, (7 
and wash it with methanol. The yield of dibromide, 


ethe 
then 
cent 
tion 
com 


m. p. 236-237°, is 1.6 g. “a 
(5) Diphenylacetylene (XIII). In a 150 X 20-mm. 


test tube place 0.5 g. meso-stilbene dibromide, 3 pellets ff , 45° 
of potassium hydroxide, and 2 ml. of triethylene glycol. J~ 
Insert a thermometer into a 75 X 11-mm. test tube con- 
taining enough triethylene glycol to cover the bulb, 
and slip this assembly into the larger tube. Heat the 
mixture with a very small flame to a temperature of 
160°, when potassium bromide begins to separate. 
By intermittent heating keep the mixture at 160—170° 
for 5 minutes more, then cool to room temperature, re- 
move the thermometer and small tube, and add 10 ml. 
of water. The diphenylacetylene that separates as a 
nearly colorless granular solid is collected and crystal- 
lized from 95 per cent ethanol. It separates in beau- 
tiful large spars, m. p. 60-61°; yield (two crops) 0.23 g. 
(6) a-Phenylcinnamic Acid, cis (XVII) and trans 
(XVIII). Measure into a small 
flask 2.5 g. of phenylacetic acid, 3 ml. of benzaldehyde, 
2 ml. of triethylamine, and 2 ml. of acetic anhydride. 
Insert a thermometer, slip over it an air condenser, 
and heat the solution with a small flame to the boiling Som 
point (157-160°). By adjusting the flame and the 
height of the tube, keep the mixture boiling for 35 
minutes at a rate such that the rim of the condensate 
remains about halfway up the condenser. Cool the ibs 
yellow melt, add 4 ml. of concentrated hydrochloric 


acid, and swirl, when the mixture sets to a stiff paste. ei 
Add ether, and warm to dissolve the bulk of the solid, pa 
and transfer to a separatory funnel with use of more§ vt 


29 Preparation: Mix 15 ml. of pyridine with 30 ml. of 48 per tare 
cent hydrobromic acid, and cool; add 25 g. of bromine gradu-§ ¢},¢ 
ally with swirling, cool, and collect the product, with use of ace- th 
tic acid for rinsing and washing. Without drying the solid,§ “© 
crystallize it from acetic acid. Yield of orange needles, 33 g. cale 
(69 per cent). min 

Material supplied by Jasons Drug Co., Brooklyn, N. Y., is ing the 
massive crystals and should be recrystallized from acetic acid 
(4 ml. per gram, recovery 82 per cent). 
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ether. Wash the ethereal solution twice with water and 
then extract it with 25 ml. of water and 5 ml. of 10 per 
cent sodium hydroxide solution. Repeat the extrac- 
tion twice more and add 5 ml. of acetic acid to the 
combined alkaline extract; the precipitate is the cis- 
acid (XVII), m. p. 160-164°; yield 2.9 g. Crystallize 
0.3 g. of material by dissolving it in 8 ml. of ether, add- 
ing 8 ml. of petroleum ether, heating to the boiling 
point, and letting the solution stand: silken needles, 
m. p. 174-175°. 

On addition of 5 ml. of concentrated hydrochloric 
acid to the aqueous filtrate a cloudy emulsion results 
and on standing for about one-half hour this coagulates 
to crystals of the trans-acid (XVII), m. p. 136—137° 
(recrystallized, 138-139°); yield 0.3 g. 

trans-Stilbene can be isolated from the dark-colored 
ethereal solution by removing benzaldehyde by ex- 
traction with saturated bisulfite solution, drying, evap- 
orating, and crystallizing the residue from methanol: 
m. p. 122—124° (90 mg.). 

(7)  cis-Stilbene. Place 2.5 g. of crude cis-a-phenyl- 
cinnamic acid, 0.2 g. of copper chromite catalyst, and 
3 ml. of quinoline in a 150 X 20-mm. test tube, insert a 
thermometer, and reflux the mixture gently (235- 
245°) for 10 minutes (let the rim of condensate rise no 


more than halfway up the tube). Cool, add 30 ml. 
of ether and a little decolorizing carbon, filter by grav- 
ity, and remove the quinoline by extraction with three 
or four portions of water, each containing 3-4 ml. of 
concentrated hydrochloric acid. Then wash with satu- 
rated sodium chloride solution, filter through magne- 
sium sulfate, and evaporate the ether. The residual 
brownish oil (1.5 g.) is crude cis-stilbene (m. p. 6°) 
containing a little trans isomer formed by rearrangement 
during heating. 

(8) dl-Stilbene Dibromide (XX). Dissolve 1.5 g. 
of crude cis-stilbene in 10 ml. of acetic acid, add 1.5 g. 
of pyridinium bromide perbromide, and stir until the 
orange reagent has disappeared. A crop of meso- 
dibromide derived from trans-stilbene present in the 
starting material usually separates in plates and is 
removed by suction filtration. Dilute the filtrate with 
water, extract with ether, and concentrate the washed 
and dried ethereal solution to 10 ml. and see if any more 
sparingly soluble meso-dibromide separates. If so, 
remove it by gravity filtration, evaporate the filtrate 
to dryness, and crystallize the residual dark, oily dl- 
dibromide from a little methanol. The substance 
separates as colorless prismatic plates, m. p. 113—114°; 
yield 0.6 g. 


e MOLECULAR WEIGHT APPARATUS FOR USE IN GENERAL 


CHEMISTRY 


Some of the difficulties that arise when students of 
general chemistry undertake to determine the molecular 
weight of a volatile liquid are avoided by the use of a 
glass bulb with two side tubes as represented in the 
accompanying figure. The liquids can be easily intro- 
duced and removed and the problems that arise from 
the use of a flask equipped with corks or rubber stoppers 
are avoided. In order to carry out a determination an 
excess of the liquid to be studied is introduced into a 
tared bulb, the bulb heated in a boiling water bath, and 
the weight of liquid remaining determined, as is also 
the volume of the bulb. The molecular weight is 
calculated by the use of the gas laws and the deter- 
mination of the weight of a gram molecular volume of 
the substance in the gaseous state. ‘ 


DAVID L. RANDALL 
Albion College, Albion, Michigan 
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* CROSSWORD PUZZLE OF CHEMICAL SYMBOLS 


41. D 
43. Ni 
4. Ni 
CURTIS L. BROWN 46. Ce 
National Research Council, Washington, D. C. 
47. M 
48. Le 
49. Fi 
Usine only capital letters and arabic 56. Fi 
numerals, one letter or one cipher to a 15 gece 17 18 57. O: 
square, fill in the indicated symbols and 58. Le 
formulas (empirical or condensed struc- 20 a1 23 2b 25 Et 26 50. Fi 
tural) but omit all bonds and other signs. rf 61. Fi 
The solution will be found on page 330. 27 28 29 sete 30 fe 31 | 32 
‘on 
Across 4 
1. First member of alkanone series thot tt HE 
9. Highest chloride of gold “5 “9 Eee © 51 
14. Lightest element 
15. Nitric acid 52 sees 53 55 56 157 58 aoe 59 
16. It follows radium 
17. Highest oxide of caesium 60 63 
18. Sulfide of carbon 
20. Number of carbons in triacontane 66 67 69 |70 
21. Carbonic acid 
27. Methyl propionate 19 1 B2 es Yee 85 
30. Number of charges on an a particle \aeseene anee 
31. Evolves at the cathode during elec- 86/87 88 HT 89 gh 
33. Most important organic element 99 hoe 
35. Temperature scale 103 105 107 108 109 
36. Radioactive isotope of No. 14 across suse ease gece “4 SE 
37. Cycle — > imits 
38. Peroxide linkage 1 12 113 1b 115 
39. Hypochlorous acid may } 
41. Halogen ay 
42. Aconitic acid 83. Mercurous oxide Down paper 
45. Between calcium and titanium 85. Alkali metal MINI] 
46. Oxalic acid 86. Muriatic acid 1. Second member of alkine series 
50. Atomic number of lithium 88. Modes of rotation of a nonlinear 2. Nitrous acid Cor 
51. Enthalpy molecule 3. Ozone analyzed : 
52. Velocity of light 89. Freezing point 4. Chloropropene pipe. 
53. Isotope of uranium 90. Element used in rectifiers 5. Atmospheric element and v 
55. Acetyl chloride 92. Electropotential 6. Limestone fixed 
59. Capacity 93. Number of fluorine atoms in Freon 7. First member of fatty acid series mass 
60. It follows the lanthanides 12 8. Atomic weight of tritium sectio 
62. Barium sulfate 94. Mole 9. Arsine ig 
64. Oxonium ion 95. Atomic weight of an a particle 10. Uranyl ion passir 
65. Negative logarithm of hydrogen-ion 96. PV/T for 3 moles of an ideal gas 11. Cyanogen V. at 
activity 98. Approx. 1 milliliter 12. Second electron shell p2Vo 
66. Number of axes in a monoclinic 99. Alkoxy radical 13. Between the hydroxy groups of 1,3-Bthat 1 
crystal ' 100. Highest known transuranium element propanediol th 
67. 18% of this is usually present in (atomic number 98) 14. Dithionic acid ore 
stainless steels 102. Radioactive noble gas 17. Centigrade const 
68. Antimony compound precipitated in 103. Alkaline earth 19. Oxygen group element Since 
2nd group of analytical scheme 105. Modern reducing agent (fatty acids | 22. Chlorine molecule dissociated heat : 
71. Hydrazine to alcohols in one step) 23. No. 1 down analyzed for carbon work 
73. Cupric oxide 108. Approx. 1 cubic centimeter 25. Number of carbons in chloramine RE ow 
75. It follows uranium 109. Lowest oxide of nitrogen 28. Monocopper acetylide Epr 
77. Any aliphatic aldehyde 110. Alkyl Grignard 29. Chloric acid by an. 
78. Azoimide (hydrazoic acid) 112. Optically active 32. Hydrogen peroxide ingenu 
a 79. Number of edges of a tetrahedron 113. Most negative element 36. Atomic number 43 reason: 
a 80. Pyrimidine 114. Disodium hydrogen phosphate 37. Acetamide 
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40. Group VIII element forming a 63. Sameas No. 40 down 101. H — TS 

tetroxide 65. Phosphine 102. Any symmetrical aliphatic ether 
41. Dibromoethane 67. Cobaltic chloride 104. Transuranium element (atomic num- 
43. Number of neutrons in C?* nucleus 69. No. 41 down analyzed for carbon ber 95) 
44. Number of oxygens in glucose 70. Characteristic group of mercaptans 106. Most personal element (—a halo- 
46. Concrete component vulnerable to 72. Dinitrogen tetroxide dissociated gen) 

sulfate attack aaa alumi- 74. Used in the neutron pile 107. Hydrofluoric acid 

nate) 75. Ammonia 108. Former designation of element num- 
47. Most common iibtope of sulfur 76. Phosphorus vapor ber 43 

(write upward) 81. Number of benzene nuclei-in pyrene 109. First transuranium element 
48. Loss of an electron yields a proton 82. Nitrosyl] chloride 111. Force of gravity 
49. Furan analyzed for carbon 84. Germanium dichloride 114. Subatomic neutral particle 
52. Bromotoluene 85. Oxidizing agent forming purple solu- 115. Heat content 
54. No. 41 down analyzed for bromine tion 
56. First member of alkanol series 87. Heat capacity If solved correctly, the following squares 
57. Ozone 90. Anion precipitated by barium should spell the name of a famous abstract 
58. Length 91. Rare earth (atomic number 68) journal: 
59. First member of alkane series 97. Alkyl lithium 1, 2, 91, 94, 106, 98-112 
61. Free energy 98. Unit of No. 87 down 9, 62, 26, 36, 97, 104, 100, 36, 68 

e CONTRIBUTIONS TO THERMODYNAMICS: THE SPECIFIC HEAT OF 
AN IDEAL GAS 
J. McQUIRG 


Ir sEEMs of interest to establish upper and lower 
limits for the specific heat of the generalized ideal gas, 
so that for any particular gas an approximate value 
may be readily estimated. The work reported in this 
paper establishes these limits. 


MINIMUM SPECIFIC HEAT 


Consider a stream of gas passing along through a 
pipe. Approximately negiect the effects of friction 
and viscosity. If we consider a particular section, of 
fixed volume, then in a particular increment of time a 
mass of gas m in a volume V, will be forced into that 
section at the pressure p;. It will expand somewhat in 
passing through, and the mass m will leave as a volume 
V. at the lower pressure po. The net work done is 
— giVi. But for an ideal gas = p2V2, so 
that the net work done is zero. In the steady state 
there is no change in the internal energy (U) in this 
constant-volume section of the pipe; that is, dU = 0. 
Since dU = dq — dw, where dq is the increment of 
heat added to the system and dw is the increment of 
work done by the system, and since both dU and dw 


Eprror’s Note: This is the first of a short series of articles 
by an unknown “Dr. McQuirg,” to test our readers’ insight and 
ingenuity. After trying to find out what is the matter with his 


reasoning, turn to the comment on page 325. 


are zero, therefore dg = 0 and the process is adiabatic. 

In an adiabatic expansion, the internal energy of the 
gas will fall, and the temperature will decrease: energy 
is used in expanding the gas. For an ideal gas, dU 
= C,dT, where C, is the specific heat at constant 
volume and dT is the increment of temperature. But 
in the process we are considering, dU = 0. Therefore, 
since the temperature falls (dT is not zero), C, must be 
zero. This gives the minimum value for C,. 


MAXIMUM SPECIFIC HEAT 


Consider unit mass of the gas flowing through the 
pipe. Accelerate it so it flows faster. Then you have 
done work on it, and this work is converted into ki- 
netic energy. We know that dU = dg — dw = C,dT 
for an ideal gas. There is no heat flow in the present 
process, so dg = 0. There is no temperature change, 
so dT = 0. But work was done, sodU = — dw and 
is greater than zero (an increase in kinetic energy). 

But if dU is greater than zero and is equal to C,dT, 
and also dT = 0, then C, must equal infinity. This 
gives the maximum value for the specific heat. 

Dr. Seagel of our laboratories has pointed out that, 
having established the upper and lower limits, it is 
now only necessary to interpolate in order to obtain a 
numerical value for C,. 
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THE NEW CHEMICAL LABORATORY OF THE 
UNIVERSITY OF HAWAII 


Front View of the Laboratory 


Over half a century ago that intrepid experimenter 
and dauntless investigator, Louis Pasteur, envisioned 
the close relationship between the scientific laboratory 
and human welfare when he wrote: “Laboratories are 
the temples of the future, temples of well-being and of 
happiness. There it is that humanity grows greater, 
stronger, better.’’ Chemists to whose lot it falls to 
design university laboratories generally pursue their 
tasks in the spirit of Pasteur, feeling the human purpose 
of their endeavor rather than visualizing structures. 
Buildings are good only when they make possible high 
standards of training, provide an environment that 
arouses the enthusiasm of large numbers of students 
and research workers, and create an atmosphere dense 
with scientific curiosity. 

In 1941 the Alumni Magazine of the University of 
Hawaii carried the headline, “The University needs 
$200,000 for a chemistry building.”’ In 1948 the regis- 
trations in chemistry courses reached a peak of 1100 
in a university of 3800 regular students. In 1951 the 
department moved into a new, three-story, reinforced 
concrete laboratory with a floor area of 70,340 square 
feet, executed at a cost of over $1,250,000. 

The building was constructed after ten years of 
observation, study, consultation, and planning and 
two years of first-hand acquaintance with European 


1 Presented before the Division of Chemical Education at the 
124th Meeting of the American Chemical Society, Chicago, 
September, 1953, by Professor Elbert G. Smith, to whom the 
authors extend their thanks. 


MATTHIAS BILGER 


University of enemy Honolulu, T. H. 


laboratories. Of significant service were the Report 
of the National Research Committee on Construction 
and Equipment of Chemical Laboratories? and scores 
of articles published in the chemical journals on new 
laboratories. 

Immediately preceding the preparation of the final 
plans the authors of this paper made an eight-month 
tour of mainland United States and investigated person- 
ally some twenty-five modern chemical laboratories. 
Conferences were held with persons who had partici- 
pated in the planning of these buildings and were 
familiar with their operation and functioning and with 
their adequacies and shortcomings. It was particular- 
ly noted that in many instances where dissatisfaction 
existed with regard to certain features of completed 
buildings, explanations offered were, first (quoting), 
“No one from the chemistry department had time to 
devote to the development of detailed plans or to 
follow through during the construction period,’”’ and, 
second (quoting), ‘The architects were autocratic and 
seemed more interested in final impression and appear- 
ance than in the functioning of the building as a chemi- 
cal laboratory.’”’ These statements and others of simi- 
lar character are not without foundation and should 
be given due consideration. 

Building in Hawaii has advantages which locations 
of less gentle and more varied climate cannot provide. 
There are no heating systems required and educational 
buildings are ventilated by extensive areas of open 
windows. 
suited to tropical regions, is favored for its openness 
and accessibility. In the new chemistry building all 
rooms and laboratories open directly onto wide, ceiling- 
ed verandas. These border upon spacious landscaped 
courts where there are many meters of ‘Mark Hopkins” 
benches for outdoor study. There are no interior cor- 
ridors and consequently lighting is excellent through- 
out the building. The clement weather has also made 
possible the inclusion of a completely equipped outdoor 
research laboratory on the third floor. 

In the following only those features of the laboratory 
will be referred to which have proved to be of exceptional 
value and advantage in the over-all operation of the 
plant and in the best interests of teaching and research. 
All auditoriums and classrooms are equipped with 
lecture demonstration tables. An extensive roof area, 
corresponding to a fourth floor, carries the still room, 


2 The Chemical Foundation, Inc., New York, 1930. 
3 Hawaiian word for veranda. 


The “lanai’’? type of structure, particularly 
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storage quarters for large equipment, elevator ma- 
chinery, housing for exhaust machinery for future 
air-conditioning of the two large, amphitheater-type 
auditoriums, and fifteen units, each of which houses 
motors and exhausts for from three to six fume hoods. 

Provision for the efficient handling of stock is funda- 
mentally important. Too little attention is paid, as 
a rule, to this phase of the operation of chemical labora- 
tories. In consequence, this basic requirement of good 
laboratory practice becomes disorganized and inade- 
quate. Bad management and indifferent treatment of 
stock result in waste of time and money, and lead to 
discouragement. and loss of interest on the part of 
students and faculty. On the main floor of the new 
laboratory in Hawaii is a well-lighted storage stockroom 
with an area of 3531 square feet, contiguous with a 
spacious unpacking room which opens onto an exterior 
unloading platform of 230 square feet and a trucking 
yard of 3812 square feet. Within this storage room are 
a concrete vault, a combustibles room, and separate 
rooms for storage of inorganic and organic chemigals. 
A long, elevated, concrete platform is provided for car- 
boys of acids. 

Directly above the storage stockroom, on the second 
floor and reached by a modern elevator, is the central 
dispensing stockroom, area 2112 square feet, which con- 
tains a separate room for fine instruments, a weighing 
room, a preparation room, and an office. This dis- 
pensing stockroom is located on the same floor as are 
the two largest student laboratories, for general in- 
organic and organic chemistry. Next door is a first- 
aid room under the general supervision of the Chemical 
Stores Technician. 

Each student laboratory has its own preparation 
room, special equipment room, and balance room. 
The building is provided with 17 service rooms to which 
faculty and graduate research students have access. 
These include a shop, photographic rooms, a room ad- 


' joining the physical chemistry laboratory that may 


be darkened for use of optical equipment, a special 
room for polarimetry and saccharimetry, a constant 
temperature room, refrigeration and cold storage 
rooms, a room for radiation chemistry (still to be de- 
veloped), a tank storage room, a transformer vault, 
projection room, glass-blowing room, grinding room, 
furnace room, and conference and seminar rooms with 
attached kitchenette. A long concrete ramp connects 
the tank storage room to the two lecture auditoriums, 
whereby moving of gas cylinders on carts is facilitated. 
A much-favored feature is a graduate assistants’ work- 
room in which each assistant is provided with a desk 
and a set of shelves and where it is required that all 
notebook and paper marking be done. The room is 
utilized by graduate assistants only. 

A modern electrical system distributing direct and 
alternating current to all parts of the building, provided 
by the Standard Electric Time Company of Spring- 
field, Massachusetts, has proved to be most adequate. 
It includes a centrally located main switchboard panel 
and four sub-panels that are mounted in the physical 


Landscaped Court between Wings 


chemistry, quantitative analysis, agricultural chemis- 
try, and synthetic organic laboratories. 

All electrical conduits and piping are readily accessi- 
ble by way of removable ceiling and wall panels, a 
centralized three-story pipe chase, and an open base- 
ment area for piping. Gas, water, distilled water, 
compressed air, and electrical pipelines are painted 
in identifying colors throughout the building. 

Chrome-plated plumbing fixtures were provided by 
Kewaunee Manufacturing Company, Adrian, Michigan. 
Fixtures in open laboratories are satisfactorily resist- 
ant. Those within fume hoods have been coated with 
“Halts-Rust’’ (Short Oil), a product of Steelcote 
Manufacturing Company, St. Louis. 

Because of the difficulties usually presented by fume 
hood systems, special mention should be made of the 
hoods in the University of Hawaii laboratory and the 
excellent service they provide. Fifty-four separate 
exhaust systems, each consisting of an acid-resistant 
centrifugal fan installed in a penthouse on the roof and 
connected to its respective fume hood by “Ceramic- 
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weld” accessories (Pacific Clay Products Company, 
San Francisco), serve 54 separate fume hoods. Each 
fan motor is provided with two switches, one at the 
motor and one at the hood being served. Hoods are 
constructed of acid-resistant stone, an asbestos-im- 
pregnated product of numerous manufacturers. 


Side View of the Laboratory 


Laboratories follow the usual pattern of desk arrange- 
ment, with drawer and cabinet and special shelving for 
burets and condensers. Student table tops, which 
are of heavy birch wood, and concrete service tables 
are surfaced with “Gloss Engine Enamel’? made by 
R. N. Nason and Company, New York. The lead- 
lined sinks are of ‘“‘Corrosiron’”’ provided by the Pacific 
Foundry Company, San Francisco. 

An objectionable feature of many chemical labora- 
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tories, particularly those used by large freshman classes, 
is that students are required to walk long distances 
many times in a laboratory period to secure chemicals 
from inconveniently located shelves. In this labora- 
tory dispensing tables for the chemicals-of-the-week , 
each 2.5 by 12 feet, partitioned lengthwise into two 
sections and provided with cork rollers and torsion 
balances, are located through the center aisle of the 
laboratory, where regular student desks are recessed 
to provide ample room for all these tables. Distances 
traveled are short, there is no searching among many 
bottles on shelves, balances are near the supplies, and 
supervision and training in handling chemicals are 
made feasible. 

A highly important consideration in connection with 
laboratory building is the matter of keys and their 
control. In the dispensing stockroom there is a built- 
in key cabinet with five panels carrying keys for about 
2800 laboratory lockers. This cabinet of laboratory 
desk keys is in charge of one individual, who provides 
for loss or misplacement of keys. 

The locking and keying of the building itself is a 


major problem and should under no circumstances be fF 


left to the contractor. In the present case, after the 
contractor presented his uninformed plan, the depart- 
ment chairman devoted over 60 hours of study to the 
matter with the result that not a single inadequacy 
has been encountered since the building was occupied. 

(Let it be further seriously advised that Depart- 
ments of Public Works, contractors, and inspectors 
on both sides of the project are all fallible and can be 
substantially assisted in carrying out the specifica- 
tions of the architect by the devoted alertness, persist- 
ent checking, and unending watchfulness of those who 
have participated with the architect in the original 
planning and who will ultimately use the building.) 

The spacious main-entrance and foyer of the new 
laboratory, constructed of. cast stone, provides glassed- 
in cabinets for rotating exhibits. Just within the en- 
trance is the department business office, which may 
also be entered by the adjoining offices and laboratory 
of the Chairman. Stone carvings present selected 
names of great chemists and quotations setting forth 
the basic ideas of science in general and chemistry in 
particular. On the front face of the building are carv- 
ings depicting six significant stages in the development 
of chemistry since Lavoisier’s time, namely, Lavoisier’s 
famous apparatus, Dalton’s atoms and molecules, Ber- 
zelius’ balance, Kekulé’s space formula for benzene, 
Mendeleev’s periodic table, and Lewis’ electronic atomic 
models. Widely known artists have adorned the out- 
door “‘lanai’’ walls with magnificent frescoes depicting 
in Hawaiian tradition the four elements of the ancient 
Greeks, earth, air, fire, and water. 
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TUDENTS about to embark upon a program of grad- 
ate work in chemistry would do well to examine 
losely the scientific and personal attributes of the 


are Tite Gregory Paul Baxter (1876-1953), Professor 
with fe! Chemistry at Harvard University, and if possible 
hint, atch some of the atmosphere of the man’s personality. 
uilt- During the period described in this article, 1928— 
woul 1932, Professor Baxter occupied the T. Jefferson 
tory oolidge, Jr., Memorial Laboratory at Harvard Uni- 
ides WeSity. A small, four-storied building, it was used 
oly for Professor Baxter’s activities and contained 
is a pis office, personal Jaboratory, research laboratories, 
she student laboratories, a lecture Toom, and storeroom. 
the [Lectures in beginning quantitative analysis were given 
ae. the Coolidge lecture room but the laboratory work 
‘the [2s conducted by an assistant in the then new Mallin- 
acy krodt Chemical Laboratory, a short distance away. 
ied. rofessor Baxter also gave similar lectures at nearby 
art. College. 
sae For three years it was the privilege of the writer to 
r be Pe the assistant in Chemistry 4, Quantitative Analysis, 
Fea. pod to observe Professor Baxter closely in his under- 
ak praduate activity. His lectures in quantitative analy- 
who FS were masterpieces of orderliness. He did not use 
inal textbook and all laboratory instructions were given 
ne) ns part of the lecture. His lectures were carefully 
new [itten, but he did not read them, as far as one could 
sed- fell. His lecture notebook would have made an ex- 
pose ellent publisher’s manuscript but he steadfastly re- 
may used to consider such a step. 
ory He was punctual about arriving at lectures and ex- 
oot pected this in students. He was always neat and con- 
orth Pervative in dress and appearance. It reflected his 
yin hinking. He received the utmost in attention and 
arv. Pespect from his students. This was partly because 
aaah of a feeling inspired in the students that here was some- 
‘er’s [pre who really could do things. They admired him 
Ber. po" his efficient evaluation of details. They could not 
ene, elP but admire his precise demonstrations, which 
mic Fvays worked. The reaction of the students was 
“as also a result of the fact that Professor Baxter “lived” 
ting FS lectures with enthusiasm. Obviously convinced 
ant hat certain details were important he conveyed this 


otion enthusiastically to the student. None of his 
popularity was due to humor. In fact he used only 
one story a year and even seemed embarrassed that the 


during his discussion of the Gooch crucible. 
would remark that “this crucible was invented or 
discovered by the late Professor F. A. Gooch of Yale 
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University. But it must always be remembered that 
at the time of this discovery, Gooch was a student at 
Harvard.” This would always lead to the shuffling of 
feet, a Harvard expression of approbation. Professor 
Baxter flushed easily on such occasions but would 
maintain his professorial composure and wait patiently 
for quiet to prevail. He may have secretly enjoyed 
this because he never failed to tell the story to each 
new class. 

Professor Baxter believed in illusfrating theory 
through practice. Most of the theory discussed was 
directly involved in experimental work. He began 
the year with a discussion of the balance. Each 
student had his own balance and weights and the 
first exercise was the calibration of weights. Although 
this took an undue amount of laboratory time at the 
first of the year, it allowed the professor to get ahead 
of the student for a thorough discussion ef the first 
analysis to be done. Relative values only were deter- 
mined for the weights. Professor Baxter could not 
see the need for absolute values for weights and at 
that time the laboratory did not possess a set of absolute 
standards. 

He believed in starting the course in quantitative 
analysis with gravimetric determinations. After volu- 
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metric analysis was under way he would hold labora- 
tory or practical examinations. Students were told 
to be ready by such a day and hour to carry out the 
analysis of a liquid unknown. Usually one of the 
lecture hours was devoted to this purpose. A few 
minutes before the hour, Professor Baxter would arrive 
at the assistant’s room and would help with the distri- 


bution of the samples. He would spend the hour — 


going from one student to the next. Advice might 
be given during the examination, especially in case of 
accidents, but otherwise the students were on their 
own and not expected to receive help from anyone. 
Reports were handed in at the end of the hour and 
were graded in a systematic way. The correctness of 
the average and the difference between each result and 
the average were each used as a basis for a numerical 
grade. Grades were based strictly upon results and 
not upon any opinion of the instructor. 

The unknowns for these practical examinations 
were prepared by the assistant. A large volume of a 
master solution was made and its strength determined 
by the assistant. Individual unknowns were prepared 
by diluting measured volumes of the original with 
carefully measured volumes of water. No two were 
alike. The strength of the original could be cal- 
culated from the result reported by each student by 
multiplying by the dilution factor and an average value 
for the original could therefore be based on many 
student determinations. It was always Professor 
Baxter’s claim that a master value based on a minimum 
of 25 sets of student results was more reliable than 
any individual value, even that of the assistant who 
had carefully prepared and analyzed the original solu- 
tion. Just before the unknowns were given out Pro- 
fessor Baxter would ask the assistant for his value and 
carefully record it in a notebook. Later he would 
be very generous in his praise if it agreed well with 
the student average. 

Professor Baxter designed his experiments so that 
a good worker might get an accuracy of one part per 
thousand. Although many students did not achieve 
this, there were many who did and it was rare that the 
error in the more common gravimetric determinations 
exceeded three parts per thousand. 

The keeping of original and permanent notes was a 
required matter in Professor Baxter’s laboratory. 
Research notebooks were systematically preserved by 
him so that years later he often went back to the origi- 
nal to check data and calculations. Similarly he in- 
sisted that undergraduates keep complete, original notes 
in ink. ; 

During the period of the writer’s apprenticeship as 
an assistant, he was the only assistant for the course. 
The laboratory was open from Monday morning to 
Saturday noon and the assistant was responsible for 
the laboratory during all of the open hours. The 
students had no regular laboratory schedule but came 
as it suited them. Each had his own lockers and 
work space which was not shared at any time in the 


~ week. ..Naturally..some students delayed coming to 
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the laboratory but many took great advantage of th 
freedom and did extra experiments. The assistan 
was provided with a laboratory for his own research 
office, balance room, and darkroom adjacent to th¢ 
student laboratory. It was the job of the assistan 
to maintain the student laboratory efficiently at : 
times. ‘Such a plan kept him in his rooms five and 4 
half days a week. As long as everything was all righ 
in the laboratory he could spend his time on his owr 
research. Obviously he could not attend lecture: 
in graduate courses. 

Professor Baxter arranged his day in an orderly way 
He would arrive at Coolidge Laboratory punctuall 
at 9 a.m. Usually he smoked during the walk fron 
his home to the laboratory. Shortly before reaching 
the laboratory he would stop and empty his pipe and 
could be seen inhaling deeply a number of times. Pre 
vious to 1928 Professor Baxter had never smoked bu 
during a visit to Europe he acquired the habit and 
apparently enjoyed it. He had always abhorred 
smoking in the laboratory. He regarded smoke as ar 
extreme hazard in a laboratory where precision work 
was being done. In spite of his own acquired habi 
he always was sensitive to smoke fumes in the labora 
tory. Similarly, he regarded the vapors of the organi( 
chemistry laboratory as a definite hazard in precisio1 
work. appeare 

Having reached his office he would start a round of perhap: 
visits to each research man. Upon his return to hig more di 
office he would prepare his lectures. Following luncl to thin 
he returned to the laboratory to give his lectures} interruy 
after which he would visit the undergraduate laboraj office a 
tory. Special problems arising during the day woulda soluti 
then be taken care of and he would return home in timg would | 
for dinner. His evenings were often spent in writing solutior 
papers and in the preparation of the annual reporgsome e 
of the Committee on Atomic Weights, of which he wag markab 
chairman. for wha 
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said th: 

His research interests during the period of the writer'g nature. 
acquaintance were atomic weights, gas densities, ang Profe 
partia] molal volumes. Students who desired to worlga fault, 
with him were always asked first whether they had couragi 
problems of their own. Usually they did not becausqin thor 
most of them had been attracted in the first place by dustriot 
the man and his research. The research problengin meeti 
suggested to the student was often a continuation ofand hov 
a larger research. Thus the student’s choice wai 
limited, but the problem always had an interesting 
history and an entertaining future. 

Students who worked with him attended no furthe 
classes. Techniques such as glassblowing were learne( 
under his personal direction. Frequently his researcl 
problems began with an elaborate purification process 
glassblowing, and the calibration of weights. Thq@proach | 
new student would receive daily visits in which ther 
were detailed discussions of the work in hand. Thest 
visits were so regular that there was rarely reason 
seek him out at other times of the day. 
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His own personal activities during this period in- 
4 cluded the blowing of special glass parts for the research 
equipment of his students. He still favored soft glass 
over Pyrex because of the gas tightness of seals. He 
J also worked quartz and was one of very few in the 

Boston area who could. He had a Hilger spectrograph 
t all) set up in his personal laboratory and used it for check- 
nd 4 ing impurities in the pure salts prepared by his re- 
search students. He gave a lot of time to the activities 
of the Committee on Atomic Weights. He no longer 
o4 carried on laboratory work in atomic weights himself 
because of restrictions in time. It was reported that 
Professor T. W. Richards, whose original work included 
atomic weight determinations, stated some years 
earlier that Professor Baxter was more capable as 
q an atomic weight investigator than he. With his other 
interests, Richards then gladly turned over all the 
Prej atomic weight work to Baxter, who made this his pri- 
mary research interest. 

Professor Baxter had very clear ideas about his 
reason for doing research on a given problem. Rarely 
would it be necessary to try something just to see what 
4 would happen. One of his strongest abilities appeared 
iq when a difficulty or inconsistency arose in the work. 
First, the student was questioned and cross-questioned 
id in a very incisive way until the facts were clearly es- 
tablished. When he was sure of the facts, then he 
appeared to relax. After a short pause he would 
perhaps have a solution. Frequently the problem was 
iq more difficult and he would remark, “Well, I will have 
to think about it.” This was the signal for him to 
esf interrupt his usual routine. He would return to his 
a4 office and no interruption would be permitted until 

a solution of the difficulty was arrived at. Then he 
4 would return directly to the student and present his 
g solution of the problem. When the difficulty involved 
some entirely new phenomenon, he displayed a re- 
markable ability first in recognizing the phenomenon 
for what it was and second in converting it from an 
observation of nature into language. It was frequently 
said that he was tuned to the same wave length as 
nature. 

Professor Baxter was naturally modest, perhaps to 
worga fault, generous in praise of a job well done, en- 
had couraging in difficulties, and insistent on the maximum 
sausqin thoroughness and reliability. He insisted on in- 
e bq dustriousness, upon cleanliness, and upon punctuality 
blengin meeting agreements. His men learned how to work 
yn ogand how to work with each other. 
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Professor Baxter perhaps did not develop geniuses, 
at least while the men were active in their graduate 
work. He did, however, produce men who knew how 
sarcigto do a thorough and reliable job of chemical measure- 
ycessjment. They were self-reliant, with an orderly ap- 
Th@proach toward scientific problems. All of them have 
thers 
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med 


been reasonably successful since. Perhaps it is unfair 
to mention only those known to the writer during 
the period 1928-32, but the uniformity of their success 
is worth noting. Oldest among the group at that time 
was Howard Starkweather, who did the precision work 
on gas densities as a private assistant and later moved 
to du Pont. For a short time Reuben Ellestad held a 
postdoctoral fellowship and later became chief chemist 
in the Minnesota Geological Survey located at the 
University of Minnesota. John Marble, now of the 
U. 8. Geological Survey, determined the atomic weight 
of lead; A. Q. Butler, now Director of Chemical Con- 
trol at the Mallinckrodt Chemical works, studied the 
atomic weights of titanium and iodine; A. D. Bliss, 
now Professor of Chemistry at Simmons College and 
Assistant Editor of the Journal of the American Chemi- 
cal Society, made classical studies on the atomic weight 
of uranium; W. C. Root, Head of the Department of 
Chemistry at Bowdoin College, carried out precise 
physical measurements relating density and con- 
centration of solutions; Arthur Hale, now of du 
Pont, made precise measurements of the atomic weight 
of carbon; A. C. Titus worked on the Ag:I ratio, 
perfected measurements of the density of crystalline 
salts, and after teaching at the University of Utah, 
joined General Electric; Charles Greene, now Research 
Chemist with the Corning Glass Co., determined the 
atomic weights of nitrogen and silver; Chester Alter, 
later to become Professor and Dean of the Graduate 
School at Boston University and more recently Chan- 
cellor of the University of Denver, worked on the 
atomic weight of radiogenic leads; Joseph 8. Thomas, 
now Research Director of Westvaco Products Co., 
made a comparison of copper extracted from the horse- 
shoe crab with ordinary copper. Laurence Frizzell, 
Professor at Northwestern University and later 
Professor at Merrimac College, was assistant at Rad- 
cliffe College and did his research at that laboratory. 
However, he was closely associated with the Coolidge 
laboratory and worked on the determination of the 
atomic weight of arsenic. 

The determination of atomic weights has disappeared 
from the scene at Harvard. Few of the men mentioned 
above have since determined an atomic weight. In 
fact, the responsibility for the determination of atoinic 
weights seems now to have passed from the academic 
to the Bureau of Standards. Their importance prob- 
ably justifies this, anyway. It is the opinion of the 
writer, in fact, that problems of this nature should 
be given to paid, postdoctoral employees rather than 
to graduate students for Ph.D. thesis purposes. The 
problems were not too difficult. But they were slow, 
laborious, and demanding, and a lot of other chemistry 
went by unnoticed. However, those who had the op- 
portunity of working for Professor Baxter unanimously 
regard the experience as a privilege, one they would 


gladly choose again. 
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APPARATUS 


Tue determination of the transference number of an 
jon by the Hittorf method is a classical experiment 
and is included in most laboratory courses in physical 
chemistry. The most commonly used apparatus is 
that of Findlay! and is fuliy described in all the stand- 
‘ard works on practical physical chemistry.* It must 
either be obtained at a price from a supply house or be 
blown by a glass blower. Simpler, though less elegant, 
designs have been described but a certain amount of 
glass blowing is required to construct them. 


A 
B 


Figure 1 


The apparatus described below can be made from 
standard laboratory equipment by performing a few 
simple bends. The required materials are two one- 
bulb distillation columns, one U-tube, glass and rubber 
tubing, four screw clips, and silver wire. 

The distillation columns (Figure 1) are heated at A 
and the limbs bent back until at right angles. With 
most types of columns these limbs will have to be 


- 


1 Finpiay, A., Chem, News, 100, 185 (1909); “Practical Phys- 
ical Chemistry,” 7th ed., Longmans, Green, and Co., New 
York, 1941, p. 188. 

2 DantELs, F., J. K. Matuews, anp J. K. ‘“Ex- 
perimental Physical Chemistry,” 4th ed., McGraw-Hill Book 
Co., Inc., New York, 1949, p. 172; Sremsacu, O. F., anv C. 
V. Kina, “Experiments in Physical Chemistry,” American Book 
Co., New York, 1950, p. 163; Livinesron, R., ““Physico Chemical 
Experiments,” Revised ed,, The Macmillan Co., New York, 
1948, p. 190. 

3 Couns, E. M., J. Cuem. Epuc., 11, 52 (1934). 
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shortened before bending a right angle at B. They 
are then cut at C, rejoined with rubber tubing, and 
fitted with clips; these form the cathode and anode 
compartments. Next they are joined by rubber 
tubing to an ordinary U-tube (or to one made by bend- 
ing a suitable piece of glass tubing), which forms the 
central compartment. 

The electrodes are prepared by fixing pieces of silver 
wire into the ends of glass tubing by means of sealing 
wax or a suitable cement. Electrical contact is made 
by means of copper wires and a little mercury. Fi- 
nally, these electrodes are fitted into the anode and 
cathode compartments by means of rubber stoppers 
(Figure 2). 

The total cost of this home-made apparatus is about 
one-tenth that for a Hittorf apparatus supplied by a 
manufacturer. The only drawback it has compared 
with the standard Hittorf design is the lack of an out- 
let from the central chamber. In actual practice 
this is not serious as at the end of the experiment the 


Figure 2 


clips D and E£ are closed and the anode and cathode 
chambers drained. The central compartment is then 
disconnected with D and E£ in place, held over the ti- 
tration flask, and carefully drained by opening the 
clips. If one is a reasonably good glassblower an 
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outlet tube can be joined to the U-tube, thus producing 
an exact replica of Findlay’s design. 

The author has found that such an apparatus re- 
quires a current of 20 milliamperes for 90 minutes to 


produce a reasonable change in concentration of 0.05 N 
silver nitrate solution, and that students obtain good 
results for the transference number of the silver and 
nitrate ions. 


< 


* A HEAT ENGINE RUN BY RUBBER 


For a fixed extension not exceeding about 350 per 
cent the tension in a strip of rubber is approximately 
proportional to the absolute temperature over the 
range 200°-400°A. This result, with its obvious 
analogy to the simple gas law, provides direct experi- 
mental support for the kinetic statistical theory of 
rubber elasticity, for it shows! that, approximately, 
over the range stated, the internal energy of rubber at 
a constant temperature is independent of its extension 
and that the increase in tension with stretching is due 
almost entirely to decrease of entropy. The “perfect 
rubber’ is therefore an interesting alternative to the 
perfect gas as a subject for exercises in elementary 
thermodynamics; as for a gas, a simple kinetic explana- 
tion of the facts can be given, but rubber has the advan- 
tage of being more easily used as the working substance 
in a simple heat engine suitable for lecture demonstra- 
tions. Such an engine was apparently first described 
by Wiegand, who constructed a pendulum and a 
rotary “rubber motor,’’? in both of which continuous 
motion was achieved by the alternate heating and 
cooling of stretched rubber. It is, however, not an 
easy matter to obtain consistently good results with 
these devices, and I have found that the considerably 
simpler arrangement described below, which is similar 
to the muscle motor of Prior,*? is much more satis- 
factory. 

The motor consists of a wheel with a ball-bearing 
hub, rubber spokes, and a rigid light metal rim 20 cm. in 
diameter, arranged to rotate about a fixed horizontal 
axle. If radiant heat is applied to the lower spokes of 
the stationary wheel they contract slightly, thereby 
raising the center of gravity of the rim above the fixed 
axle, so that the wheel turns, bringing fresh spokes 
into the radiation end allowing those previously heated 


1 See, e. g., TRELOAR, L. R. G., “The Physics of Rubbar Elas- 
ticity,’’ Oxford University Press, London, 1949, Chapter IT. 

2 Wiecanp, W. B., Trans. Inst. Rubber Ind., 1, 164-5 (1925). 

3 Prior, M. G. M., Nature, 171, 213 (1953). 
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to cool. By suitable adjustment of the heated area 
continuous rotation in one direction can be maintained. 
About 60 ordinary elastic bands at 300-400 per cent 
extension are used as spokes; a rather large extension is 
necessary to prevent sagging of the rim. In order to 
equalize tensions in opposite spokes each band was 
stretched across a diameter and the hub was clamped 
to the spokes at the center of the wheel by a washer and 
nut. Final balancing of the wheel was achieved by 
adjusting small pieces of plasticine on the rim. 

Heat is applied by placing a 60-watt lamp bulb close 
to the lower spokes and somewhat to one side of the 
vertical through the axle; a reflector is placed opposite 
the lamp behind the wheel so as to increase the heating 
effect by throwing back some of the radiation which 
has passed through the spokes. The wheel then turns 
at a rate which can be regulated to some extent by “‘ad- 
vancing”’ or “retarding”’ the heater but which is of the 
order of magnitude of one revolution per second; we 
have not had occasion to run it continuously for more 
than two hours but there seems no reason why it should 
not run for much longer periods. It ran successfully 
as first made with materials which yhappened to be 
available so that there is apparently nothing very 
critical about the details of design or construction. 
An improvement suggested to me by Mr. D. W. Saun- 
ders is to coat the surfaces of the rubber spokes with 
carbon black to increase the absorption and radiation 
of heat. 

We have also been able to produce rotation by the 
application of cold to the upper spokes instead of heat 
to the lower ones; with the arrangement used (a stream 
of air of a few square centimeters cross-section, cooled 
by passing through carbon dioxide snow) the motion 
was slow and irregular, but with attention to details 
of the cooling arrangements better results could no 
doubt be achieved. 

I am indebted to Mr. V. Balashov for assistance in 
the construction of this apparatus. 


* MEDALLIC PORTRAITURE OF ANTOINE 
LAURENT LAVOISIER 


‘ DENIS I. DUVEEN 
— Soap Corporation, Long Island City, New 
or. 
HERBERT S. KLICKSTEIN 
University of Pennsylvania, Philadelphia, 
Pennsylvania 


Dasprrx the fact that only one authentic portrait of 
Antoine Laurent Lavoisier exists, by Jacques Louis 
David (1748-1825), there are a considerable number of 
other iconographic sources available, particularly 
medals. There are at least some 23 medallic portraits 
of Lavoisier.' These medals provide not only a like- 
ness of Lavoisier but usually a summation of his 
accomplishments in a few words or by means of some 
decorative device. ‘Held in the hand, they provide not 
only information but also the aesthetic pleasure of 
watching the interplay of light and shadow when the 
specimen is tilted in various directions.’’? 

It is not generally known that four Lavoisier medals 


1 For full details see the following sources: Srorer, H. R., 
“Medicina in Nummis,”’ Boston, 1931, pp. 292-4; ‘“‘Catalogue of 
4 Printed Works by and Memorabilia of Antoine Laurent Lavoisier, 
(F 7) Bronse Model, 1008, by Auguatin Dupes (1740-1653), French = 1743-1794 . . . Exhibited at the Grolier Club,” New York, 1952, 

eeeeaeeenee pp. 72-9 (prepared by Duveen, D. I., anp H. S. Kuicxsrer); 
Obverse: Bust in profile to right; below, Dupré. Reverse: Les sciences et DvvEEn, D.L., AND H. 8. KLIcksTEIN, “An Iconography of An- 
la patrie pleurent cet illustre savant mort victime des fureurs révolutionnaires. toine Laurent Lavoisier, 1743-1794” (in preparation). 

Dupré lui a érigé ce tder 7 VAn 10. 2 PrRaNDTL, W., J. CoeM. Epuc., 26, 122-5 (1949). 


(No Number) Bronze Medal, 1948, by Abel Lafleur, Contemporary French Medalist, 68 mm. 
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(N 798) Bronze Medal, Undated, by Armand Auguste Caqué (1793-1881), 
French Medalist, 50 mm. 


Obverse: Head in profile to left; below, Caqué /.; inscription: Laurent 
Lavoisier. Reverse: in oak wreath, Né@ Poris 1743. Membre del’ Académie 
des Sciences 1768. Fermier Général 1769. Administrateur de la Caisse d'Es- 
compte 1788. Mort 1794. 


are still available and may be purchased from the 
Administration des Monnaies et Médailles in Paris at a 
very nominal price.* These four medals are described 
in their captions; of special interest is the Lafleur medal 
struck in 1948 to commemorate the 200th anniversary 


3 Numbers given for the medals are taken from the “‘Catalogue 
des Médailles en vente.’”’ In ordering medals write to Bureau 
de Vente & l’Hétel des Monnaies, 11, Quai de Conti, Paris 
(VI°). 


(N 708) Bronze Medal, 1821, by Armand Auguste Caque (1793-1881), 
French Medalist, 41 mm. 


Obverse: Bust in profile to left; below, Caguéf.; inscription: A. Laurent 
Lavoisier. Reverse: Né@ Parisen M.DCC.XLIII. Morten M.DCC.XCIV. 
Galerie Métallique des Grands Hommes Francois. 1821. 


of Lavoisier’s birth. Bronze is the usual metal em- 
ployed for the medals, although silver and gold may be 
employed if requested. 


4The Lavoisier bicentenary exhibition which was held in 
Paris from November, 1943, to January, 1944, during the Nazi 
occupation is described by van Kuooster, H. 8., J. Crem. 
Epuc., 23, 210-12 (1946). The medal to commemorate the 
event was issued in 1948, some five years later, with the return 
of peace and the availability of metals. For the sake of the 
bronze the Germans removed and destroyed, in Paris, the well 
known statue of Lavoisier, as well as the beautiful bas-reliefs in 
the pedestal. See note by Oxspsrr, R. E., J. Cuem. Epuc., 24 
(1947), frontispiece; J. Comm. Epuc., 11, 211-16 (1934). A 
brochure was issued at the bicentenary exhibition, ‘‘Le Palais 
de la Découverte présente une Exposition a l’occasion du deux- 
iéme centenaire de Lavoisier,” Paris, 1943. 


SUMMER COURSES IN CHEMICAL MI 


Chemical Microscopy, June 28-July 17, 1954. To familiarize 
the student with uses of the polarizing microscope in chemistry. 
Includes: how to evaluate the optical characteristics (magnifica- 
tion, resolution, definition, aberrations) of a good polarizing micro- 
ope, how to use the polarizing microscope in examining chemi- 
| compounds (optical crystallography), and the use of the 
larizing microscope in applied fields (textiles, paper, leather, 
ap, drugs, dyes, etc.). 

Chemical Photomicrography, July 19—August 7, 1954. To study 
he theoretical concepts and laboratory techniques involved in 
aking a photomicrograph. Includes the study of modern theo- 
ies concerning the latent image and its development, and Sensi- 
ometry as related to photomicrography. The parts of the 
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MICROSCOPY AND PHOTOMICROGRAPHY AT THE 
PENNSYLVANIA STATE UNIVERSITY 


microscope, the choice of magnification of field and of develop- 
ing material will be explored, as well as methods of preparing 
crystals, textiles, etc. for photomicrography. 

Admission and Schedule. Those who are eligible and so desire 
may receive three university credits on satisfactorily completing 
the work of either course. Two lectures will be given each day 
and the laboratory work will be continuous daily during the three 
weeks of each course. 

Excellent accommodations and meals are available in Hamilton 
Hall. The total cost of each course will be approximately $100, 
depending on type of room, etc. 

Address all correspondence to Dr. Mary L. Willard, Dept. of 
Chemistry, Pennsylvania State University, State College, Pa. 
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Mernops of analyzing alloys in the college qualitative 
analysis course have been mostly limited to the detec- 
tion of the so-called common metals. However, for 
a number of years titanium, vanadium, and other for- 
merly designated rarer metals have been added to al- 
loys in order to give them special properties. The 
chemical reactions of these added metals are now known 
so well that the student in qualitative analysis should 
be able to analyze an alloy containing them. 

The purpose of this work was to develop a semimicro 
method of qualitative analysis for titanium and va- 
nadium within the framework of a scheme used for the 
common metals (1). Inasmuch as the analysis of an 
alloy should give estimations of the metals, to be of 
any value, the method worked out includes this for 
titanium and vanadium. 

Briefly, the method developed treats the alloy with 
nitric acid or aqua regia, followed by evaporation with 
nitric acid. This results in the precipitation of anti- 
mony, tin, a large percentage of the titanium, and a 
small percentage of vanadium; if aqua regia was used, 
all the silver and a small amount of lead are also pre- 
cipitated. The titanium and vanadium in the precip- 
itate are.separated and determined colorimetrically 
(visually) with hydrogen peroxide in acid solution, 
using standards for comparison. In Group III (am- 
monium sulfide group) the remaining titanium occurs 
with the iron and the vanadium with the aluminum. 
The titanium and vanadium are detected and estimated 
in the presence of the other metal ion. 

If neither aluminum nor iron is present but chro- 
mium is, the vanadium occurs with the chromate ion. 
It is separated from chromate ion by means of an or- 
ganic solvent and then estimated (2). 

If none of the trivalent metals of Group III are pres- 
ent, vanadium is not precipitated in this group but is 
detected and estimated before analyzing Group IV 
(alkaline earth group). ; 

A number of alloys of different compositions with 
varying amounts of titanium and vanadium were an- 
alyzed. Starting with 25 mg. of the alloy, as little 
as 0.1 mg. and as much as 6 mg. of titanium and va- 
nadium were readily detected and estimated. Estima- 
tions were of the order of 10 per cent error. 

Approximately 25 mg. of the alloy, preferably in 
small pieces, is heated with 1 ml. of 1:1 HNO; ina 4-ml. 
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test tube in a boiling water bath. If no reaction takes§ centra 
place, add 1 ml. of conc. HCl and continue heating in] tubes, 
the water bath until reaction is complete. Transfer] well. 
to a 10-ml. beaker and evaporate in an air bath to al amouw 
few drops. Add 5 drops of conc. HNO; and 15 drops of} freshh 
H;0 and boil for two minutes. If the solution (Solu-} go}, 
tion A) is clear, it indicates the absence of Sb, Sn, Ti, H.SO 
possibly V, and, if aqua regia was used, Ag and small 
amounts of Pb. If a precipitate is present, centrifuge, 
wash twice with 0.5 ml. dil. HNO;, combining washings} °! 3 P 
with the centrifugate: Residue A and Solution A, yellow 
Groups I-V. V by 
Residue A. It may be white, gray, or tan? and may Solt 
contain SnOz, TiO2, V20;, AgCl, PbCle, and small methe 
amounts of other metals. If only HNO; has been bining 
used in treating the alloy, omit remainder of this para- Grouy 
graph and proceed with the next paragraph. Add Mn0O> 
0.5 ml. of H,O to the residue, heat in the boiling water the be 
bath, and centrifuge. Repeat, combining centrifugates| Mn0O2 
and to the solution add acetic acid and K,CrO,. A and 2 
yellow precipitate indicates Pb. Treat any residue (20 ™ 
left after the hot-water extraction with 0.5 ml. of dil. color. 
NH;,’ centrifuge; repeat, combining centrifugates: soluti 
Residue B and solution. Acidify solution with dil. residu 
HNO;. A white curdy precipitate indicates Ag. solutic 
Residue A or B: transfer to a 10-ml. beaker, using) . ->¢ 
small portions of water. Add 10 drops of conc. H,S0, of Gre 
and boil in an air bath until the precipitate dissolves§ “5 US* 
Allow to cool: Solution B. (6) bi 
Solution B: make just alkaline with 6 M NaOH,' wash 
then just acid with 3 N HCl; add 0.5 ml. more and treate 
make volume up to 5 ml. Pass H.S through the solu- 
tion until complete precipitation takes place and cen- 


acidit 


trifuge. Wash the precipitate twice with 5 per cent h te 
saturated with H.S and add washings to ceng Th 
trifugate: Solution C and Residue C. impurit 
7 Sta 

1 Occasionally HNO; passivates the Ti so that it will not even amoun' 
react with aqua regia. When this occurs the mixture is centri{ trom d 
fuged and the residue washed twice with H,O, combining th@ occupy 
washings with the centrifugate. The unreacted metal is them «ind co 
treated with 0.5 ml. of conc. HCl in the hot water bath until iff as 0.05 
dissolves, and the solution is added to the centrifugate. 3 mg. i 
2 The color of the residue results from traces of other metals§ «ent er 

3 Experiments showed that any V that may be present is no 8 Ev. 
dissolved by the NH3. which | 
4If the NaOH is made in a polyethylene rather than a 9A 


bottle, no silica or other metals are introduced from the glass. | Howev 
not to 
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Residue C consists of the sulfides of Sb, Sn, and traces 
of other Group II metal sulfides. It is combined with 
the Group II sulfides obtained from Solution A. 

Solution C may contain Ti, V, and a suspension of 
S. Add 1 ml. of conc. HCI and boil until H,S is re- 
moved as shown by test with lead acetate paper. 
Make alkaline with 6 M NaOH‘ and add 0.5 ml. in 
excess. Boil for two minutes, centrifuge; wash twice 
with NaOH, combining washings with centrifugate: 
Solution D and Residue D. 

Residue D may be Ti(OH),.° Dissolve in the small- 
est amount of cold conc. HNO, dilute to 4 N acid con- 
centration (3), divide into 2-ml. volumes in 4-ml. test 
tubes, add 2 drops of 3 per cent H,O, to each, and stir 
well. A yellow color indicates Ti. Estimate the 
amount of Ti by comparing with an equal volume of 
freshly made, known titanium-H,O, solution.’ 

Solution D may contain V. Just acidify with dil. 
H,SO,. Evaporate in an air bath to 2.5 ml.* Adjust 
acidity to 4 N acidity with conc. HNO; and add 2 drops 
of 3 per cent H,O, for each 2 ml. volume. A brownish 
yellow color indicates V. Estimate the amount of 
V by comparison with a standard.’ 

Solution A contains Groups I-V. Follow the usual 
method of analyzing solutions of this type (4), com- 
bining Residue C previously obtained with the 
Group II sulfides. In Group III the precipitate of 
MnO, may contain V. After the Mn is confirmed by 
the bead test (5), the V is detected by dissolving the 
MnO; precipitate in a solution of 1.5 ml. of 5 N HNO; 
and 2 drops of 3 per cent H,O2. Then 5 drops of NH,F 
(20 mg. F~- per ml.) are added. A brownish-yellow 
color indicates V.2. Mn may also be detected in this 


| solution by evaporating to dryness, dissolving the 
| residue in dil. HNO; and adding NaBiO;. 


A purple 
solution indicates Mn. 

The solution containing the remaining metal ions 
of Group III after the precipitation of MnO, is’ treated 


[as usual for the precipitation of Al(OH); + Fe(OH); 


(6) but using NH,NO; instead of NH,Cl solution to 
wash the precipitate. The washed precipitate is 
treated with 1 ml. of 6 M NaOH, centrifuged, and 


5 HCl is added in order to prevent precipitation from the 
hydrolysis of Ti. 

6 The precipitate is white if pure but it may be discolored by 
impurities. 

7 Standard solutions of HO, and Ti or V for estimating the 
amount by comparison are freshly prepared. They are made 
trom definite concentrations of Ti and V solutions so that they 
occupy 2 ml. in a 4-ml. test tube, are 4 N with respect to HNOs,, 
and contain 2 drops of 3 per cent H,O2.. Concentrations as low 
as 0.05 mg. show distinguishable color, and in the range of 0.1- 
» mg. it is possible to make estimations with only about a 10 per 
cent error. 

8 Evaporation below 2.5 ml. results in crystallization of salts, 
which may cause bumping. 

® A very small amount of Ti may precipitate with tha MnO.. 
However, NH.F bleaches Ti-H,O, but not V-H,O2. It is best 
not to store the NH,F solution in a glass bottle. 
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washed three times with 6 M NaOH, combining the 
washings with the centrifugate: Residue EF and Solu- 
tion E. 

Residue E may contain Fe(OH); and Ti(OH),. 
Dissolve the residue in a solution of 5 drops of cone. 
H.SO, and 15 drops H,O. Divide the solution into 
two equal portions, using one portion to test for Ti by 
adjusting to 4 N acidity with conc. HNO; and adding 
2 drops of 3 per cent H,O, for each 2 ml. A yellow 
color indicates Ti and the amount can be estimated by 
comparison with a standard.’ The other portion is 
tested as usual for Fe+* with KCNS (6). 

Solution E may contain Al and V. Make just acid 
with conc. HNO;, adjust acidity to 4 N with cone. 
HNO; and add 2 drops of 3 per cent H,O. for each 2 ml. 
A brownish-yellow color indicates V and the amount 
can be estimated by comparison with a standard.’ In 
order to detect Al the solution is made alkaline with 
conc. NH;. A white gelatinous precipitate indicates 
Al. 

If Al and Fe are absent but Cr is present, V will ap- 
pear with CrO,--. However, CrO,-~ will interfere 
with the test for VO;~ with H,O, in an acid solution 
and a separation is required. In the usual method 
of analysis the precipitate of BaCrO, in an ammoniacal 
solution (7) will also contain Ba(VO;)2. Wash the 
precipitate twice with dil. NH;, combining the wash- 
ings with the centrifugate that is to be tested for Ni, 
Co, and Zn (7). Dissolve the precipitate in 2 ml. of 
4 N HCL" Add 1 ml. of methyl isobutyl ketone, 
shake well, and let the two layers separate (2). This 
may be aided by centrifuging. Remove the upper 
layer, which contains CrO,—~ and the solvent, with 
a capillary pipet. Repeat the extraction of CrO,—~ 
until completely removed, as shown by absence of 
blue color on acidifying and adding H,O.. To the lower 
layer add 2 drops of 3 per cent H,O.. A brownish- 
yellow color indicates V, and the amount can be esti- 
mated by comparison with a standard.’ 

In the absence of all trivalent metal ions of Group 
III the V will be found in the solution to be analyzed 
for Groups IV-V."" In the procedure following the 
acidification of the centrifugate from the precipitation 
of Group III (8), the solution is boiled to remove H,S. 
If V is present a green solution is obtained. For esti- 
mation evaporate until salts just begin to form, make 
up to 4 N acid with conc. HNO;, add 2 drops of 3 per 
cent H,O for each 2 ml. and compare with a standard.’ 

In order to remove the V before starting the analyses 
of Group IV, the solutions from the estimation are 
evaporated to dryness and ammonium salts removed 
by heating with conc. HNO; (9). A red or green res- 
idue indicates V (V:0s). Add water to dissolve the 


10 Experiments showed that the separation of CrO,-~ from 
VO;7~ is not effective with HNO; or H,SO,. 

11 VO;~ is not precipitated by OH~ or S-~. It is found in 
Group III because of adsorption by the hydroxides of the tri- 
valent metal ions and Ti. 
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soluble salts (Groups IV-V), centrifuge, and wash twice 
with water, adding the washings to the centrifugate. 
To the residue add enough conc. NH; to dissolve it. 
Evaporate to a few drops, adjust to an acidity of 4 N 
with conc. HNO;, and add 2 drops of 3 per cent H.0. 
foreach 2 ml. A brownish-yellow color indicates V and 
the amount can be-estimated as before.’ 
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e A CONVENIENT CONSTANT-TEMPERATURE HEATER 


IN A RECENT article, a constant-temperature heater 
using various ~boiling liquids was presented.' Other 
types of constant-temperature baths using a liquid 
medium have been described. A type of constant- 
temperature heater which does away with the various 
liquid baths is shown in the figure. This heater was 
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P Heater 


D, DeKhotinsky thermoregulator. 
A, Absorption tube for isobaric or isothermal dissociation curve study. 


used to study isobaric and isothermal decomposition 
curves but could also be useful in heating sealed tubes 
to any desired temperature up to 300°C. 


1 Tucker, S. H., J. Comm. Epuc., 30, 634 (1953).) 
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The device is easily made from very common labo- ry 
ratory apparatus by anyone with moderate glass-blow- Ain 
ing skill. It consists of an L-shaped Pyrex tube of fifth 
30 mm. diameter; the vertical section is 16 cm. long : 
and the horizontal section about 19 cm. long. The be vers 
glass is wrapped with several layers of moistened as- tied 
bestos paper, and after drying, 30 turns of No. 24 gage h . 
nichrome wire is wound at '!/s-inch intervals as indi- 7 a 
cated on each section. With this amount of nichrome pore 
wire the resistance of the total winding is about 10-15 The. 
ohms. After winding with wire, the tube is covered “wet 
with several layers of asbestos paper to serve as insu- - " 
lation. The temperature regulation device consists of a ren 
DeKhotinsky thermoregulator, held in the vertical arm p eh 
by a split one-holed rubber stopper. The De Khotinsky [| |. 
regulator is connected in series with the coil windings. a 
The leads from the regulator are connected to a source aa 
of variable voltage, such as a commercial Variac. The ~~ - 
Variac is necessary to limit the current flowing through re 
the heating coils. At a little above room temperature a . 
about 10 volts is needed, while at 300° about 65 volts: | . - 
was found to maintain a temperature of +1°. rr 


The device as built has a range of from room tem- TI 


perature to about 300°. It is capable, with proper volt- tud: 
age regulation, of maintaining any temperature within mr in 
this range to about +1°. The convenience of this res 
apparatus was demonstrated when it was used to study poe 

isothermal or isobaric decomposition curves between aa 
methyl amine and an anhydrous salt. By the use of pot 
this device the temperature desired is adjusted by turn- § - sit 
ing the knob on the DeKhotinsky thermoregulator and’ 
adjusting the proper voltage on the Variac. It was. by 


found that temperatures could easily be maintained 
for several weeks while waiting for con-- 
ditions on the decomposition curve. bijou 1K 
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e BUILDING A CHEMISTRY DEPARTMENT 


Tue objective of a graduate program in chemistry 
should be the development of scholars who have the 
ability to think critically and creatively. To accom- 
plish this, one should get away, as quickly as possible, 
from the formal course method of the undergraduate 
program. This does not mean that lectures should 
be abandoned completely in favor of the seminar and 
discussion method, but it does mean that formal labora- 
tory instruction has no part in a graduate program for 
properly qualified students. The additional skill re- 
quired in laboratory techniques should be acquired 
in connection with the individual student’s research 
work and these skills will develop as needed. In 
initiating a graduate program in this country, there is 
the ever-present problem of the master’s degree. In 
many institutions, the master’s program is simply a 
fifth year of work from the undergraduate point of 
view, and there is no research requirement. At other 
institutions the master’s degree is awarded incidentally 
after the first year of graduate work; those students 
who in the opinion of the staff are unqualified for work 
toward the Ph.D. degree are stopped at this point and 
awarded a master’s degree as a consolation prize. 
The I. I. T. chemistry department decided not to em- 
phasize the master’s degree but to devote its major 
effort to those students who proved to be qualified for 
the doctor’s degree. It was also decided to use the 
first period of a student’s graduate work for an evalua- 
tion of his potentialities as a creative worker. This 
evaluation would be based upon preliminary theoretical 
or laboratory research, performance in seminars, some 
basic course work, and a determination of his level of 
scholarly attainment by means of examinations covering 
the broad field of chemistry. With these objectives 
in mind, the I. I. T. chemistry department undertook 
the reorganization of the graduate program. 

The problem of organizing a curriculum for graduate 
study in chemistry at Illinois Institute of Technology 
was quite different from, and more complex than, the 
problem presented by the undergraduate curriculum! 
for several reasons. In the first place, the staff members 
in the department in 1947 were less experienced in 
graduate than in undergraduate teaching; therefore, 
it was necessary to acquire additional staff members 
with experience in graduate work before completing 
a program. We were also in the process of increasing 


1 M., J. Coem. Epuc., 31, 247 (1954). 
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the number of graduate assistants to form a nucleus 
for a graduate school. In the third place, the curricu- 
lum committee of our Graduate School had to be con- 
vinced of the merits of our new graduate program. 
The result was that the graduate curriculum underwent 
a series of changes between 1947 and 1950, and the 
curriculum approved in 1950 is again under review. 

In 1947-48 the emphasis in graduate study at I. I. T. 
was on courses and credits, a total of 96 semester 
credits being required for the degree of doctor of phi- 
losophy and 32 for the master’s degree, with a minimum 
of 56 credits in course work required for the Ph.D. and 
22 in course work for the M.S. Today there is no fixed 
credit requirement for the Ph.D. degree and although 
the credit requirement does remain for the M.S. degree, 
the division of credits between course work and re- 
search is left to each department. 

Certain decisions about graduate study had to be 
made in 1947 when new research facilities were under 
construction? and scholars were being invited to join 
our staff. It was decided to provide research space 
with flexible installations for 100 active research work- 
ers, to include some 20 staff members, 10 research fel- 
lows or research associates, and 70 active graduate 
students. Active graduate students are defined as 
those who are at the laboratory every day. It was 
also decided that every staff member would be expected 
to have an active research program; that the usual 
organization into divisions of organic, inorganic, 
analytical, and physical chemistry would not be applied 
to the graduate work; and that each staff member 
would be permitted to set up and control his own re- 
search program. The decision was also made to place 
emphasis on the doctor’s program rather than the 
master’s program. 

During 1948 and 1949, many conflicting ideas were 
presented, discussed, and resolved, and the I. I. T. 
Committee on Graduate Study was won over to the 
viewpoint of the chemistry department. 

The graduate curriculum which went into effect 
in 1950 in the Department of Chemistry follows. 


ADMISSION 


Admission to graduate study in chemistry as a regu- 
lar student requires the completion of a program leading 


2 Kiuparrick, M., in “Laboratory Design,’ H. 8. CoLeman, 
Editor, Reinhold Publishing Corp., New York, 1951, pp. 275-9. 
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to a bachelor’s degree in this field from an accredited 
institution, with a minimum of one year of undergrad- 
uate training (including laboratory) in general, analyt- 
ical, organic, and physical chemistry. The determina- 
tion of admission will depend upon the applicant’s 
record as an undergraduate, any special training or 
professional experience which he may have had, and 
upon letters of recommendation. In addition, the 
student should have had at least one year of physics, 
mathematics through calculus, one year of English 
composition, and approximately fifteen semester hours 
or their equivalent in humanities. He should also have 
a working knowledge of at least one foreign language, 
preferably German. 

Applicants for admission to the Graduate School 
who hold an undergraduate degree but who do not 
meet all the requirements for admission as regular 
students may be admitted on a provisional status. 
Such admission may apply to: 

(1) Graduates of accredited institutions who lack 
adequate undergraduate preparation as outlined for 
admission as a regular student. 

(2) Graduates of nonaccredited institutions (or 
of institutions of unknown standing). 

(3) Students who do not clearly warrant admission 
as regular students on the basis of their past academic 
records but who, nevertheless, show indications of 
ability by means of recommendations and other evi- 
dence to qualify for full admission. 

The conditions on which admission to the Genduate 
School has been granted on a provisional status will 
be stated at the time of such admission or during the 
student’s first registration period. It is the responsi- 
bility of the student to arrange his program with the 
assistance of his preliminary adviser and to pursue 
this program in such a manner that he may qualify 
for transfer from provisional to regular status at the 
earliest possible date. 


POLICY ON GRADUATE STUDIES 


The program for the Ph.D. degree in chemistry is 
divided into three stages. 

First Stage. This period is concerned with the con- 
solidation of the student’s knowledge, and the develop- 
ment, stimulation, and appraisal of his potentialities 
as an independent thinker and creative worker. 

Second Stage. The major task of the student during 
this stage is to give evidence of his ability as an inde- 
pendent thinker, both through examination and by 
research accomplishment. 

Third Stage. During the final stagh the completion 
of the major research problem is foremost. 

It is expected that each stage will require a year’s 
work for a full-time graduate student. 

First Stage. The student is required to devote one- 
quarter of his time (about 15 hours per week for two 
semesters) to research. This research is to be consid- 
ered as preliminary, not in the sense of temporary or 
preparatory, but only in the sense that it constitutes 
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a period of self- and staff-appraisal. It may be an 
opportunity for the student to start on a doctoral 
research problem. The remainder of the time during 
this stage is devoted to broadening of outlook and 
strengthening of the background of the student. The 
only courses required are: 


Chem. 503-504, Chemical Thermodynamics 
Chem. 593-594, Departmental Seminar 


and two of the four courses: 


Chem. 506-507, Instrumentation in Chemical Research 
Chem. 513-514, Advanced Inorganic Chemistry 
Chem. 515-516, Advanced Organic Chemistry 

Chem. 543-544, Advanced Physical Chemistry 


One course in mathematics beyond calculus is also 
required if it has not already been taken in the under- 
graduate work. This course will usually be Math. 
410, Differential Equations. 

Graduate chemistry courses will be presented on a 
discussion basis wherever possible, in order to develop 
critical abilities. It must be recognized that the con- 
tent of each of these courses may vary considerably 
from year to year with different instructors; and no 
course can be said to be a complete survey of a given 
field. It follows, therefore, that the student must 
prepare himself for the second stage of his career in 
graduate school by his own reading and study. 

Upon entering the graduate school, the student 
chooses a research adviser. The Department may later 
appoint another adviser whose duty is to form a second 
opinion in regard to the student’s research capabilities 
without necessarily having the student work on an addi- 
tional problem. Occasionally it may be necessary for 
the student to transfer to another research adviser. 

The first stage of a student’s career in graduate school 
is culminated by the Level Evaluation, which he is ex- 
pected to take when the equivalent of not more than 
one full year has been completed. A student who has 
obtained a master’s degree at another institution will 
normally be expected to take the written part of this 
examination at the first opportunity. In exceptional 
cases, however, such a student may apply in writing 
for a postponement of the written part of the Level 
Evaluation for one semester. This postponement must 
be approved by the faculty of the Department. The 
student in such a case, however, should not expect an 
appointment to an assistantship before he has taken 
this examination. 

The purpose of the Level Evaluation is to determine 
the student’s breadth of scientific attainment, so as to 
form the basis of advice as to whether he should 
contemplate proceeding to an advanced degree. The 
over-all evaluation will consider the following: 

(1) Attainment in research, either experimental or 
theoretical. 

(2) Quality of the written examination. 

(3) Record in graduate courses. 

(4) Performance at the Department Seminar, in- 
cluding participation in discussions. 
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All four parts of the evaluation are used to deter- 
mine whether the student is potentially a Ph.D. candi- 
date or an M.S. candidate. This decision is reached 
at a departmental staff meeting, and the student is 
subsequently advised by the Chairman in one of the 
following ways: 


(1) To proceed with the second stage, with a high 
probability of obtaining the Ph.D. 

(2) To complete a master’s thesis and terminate at 
that point. 

(3) To discontinue graduate work. 


In doubtful cases, the student may be advised to 
complete his master’s thesis and apply at that time for 
a review of his attainments. A student may be ad- 
vised to continue to the Ph.D., with indication of weak- 
ness in certain fields; it is then the responsibility of the 
student to give evidence at the time of the Compre- 
hensive Examination® that he has overcome this 
weakness. 

The student should apply for admission to candidacy 
after he has been informed that the results of the Level 
Evaluation indicate that he is qualified. 

A student who has been advised to continue to the 
doctor’s degree is considered by the staff to be capable 
of passing the Comprehensive Examination, but a stu- 
dent who proceeds to the second stage against the ad- 
vice of the staff does so at his own risk. It should be 
emphasized that the written Level Examination is taken 
only once. 

Second Stage. The potential Ph.D. candidate now 
enters the second stage of his career in graduate school. 
At this point, he must reconsider very carefully his 
research position and devote considerable thought to 
deciding on his research problem and major adviser 
for the Ph.D. degree. This decision may or may not 
be an affirmation of his earlier choice. 

The chairman of the Department will appoint an 
advisory committee, with the major adviser as chair- 
man, to confer with the student and outline his pro- 
gram for the second stage. Members of other depart- 
ments may be asked to serve on this committee. The 
recommended program may include courses within 
the Department, outside the Department, or even at 
other universities, as well as reading, seminars, and 
informal discussions. In certain special cases, the 
experimental research work after the first stage may 
be done away from the campus. In advising the stu- 
dent, the committee will keep in mind the requirements 
of the Graduate School and the need for integration of 
the student’s program. If appropriate courses are 
not available, the committee will guide the student in 
his reading and employ the conference and tutorial 
method. In all cases, the student is expected to carry 
his studies well beyond the course program set up by 


3 The name ‘Comprehensive Examination” is the terminology 
of the Graduate School rather than of the chemistry department, 
and corresponds to what is called the “preliminary” or “predoc- 
toral examination” elsewhere. 
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the committee. The committee will make a written 
report and, after departmental approval, the program 
will be recommended to the Dean of the Graduate 
School for final approval. 

During the second stage, the student should devote 
at least half his time to his research problem. 

Throughout the second stage, the committee will 
continue to guide the student and to observe and assess 
his progress and maturity. Assuming normal progress 
in his field of research and a maturing of outlook and 
critical ability, the candidate can reasonably expect 
to pass the Comprehensive Examination. He should 
look upon this examination as an opportunity to de- 
termine and demonstrate his familiarity with the field 
or fields of specialization, rather than as a barrier to 
the Ph.D. degree. 

The Comprehensive Examinations are given each 
fall, the oral examination being scheduled after the 
successful completion of the written examinations in 
the major and minor fields. Since the examinations, 
particularly the oral, include the current literature in 
the student’s fields of specialization, it is advisable for 
the student to devote full time during the preceding 
summer to reading and study. 

A reading knowledge of two foreign languages, Ger- 
man and either French or Russian, is required for the 
Ph.D. degree. This requirement must be satisfied 
before the student takes his Comprehensive Examina- 
tion. The Department of Language, Literature and 
Philosophy will conduct these examinations after 
consultation with the student’s advisory committee 
as to the nature and content of the examination. The 
language examinations are given only at three specified 
times during the year and the candidate may not take 
an examination in a given language more than three 
times. 

Third Stage. After the Comprehensive Examination, 
the chairman of the student’s advisory committee (his 
research adviser) will assume the major responsibility 
for guiding the student through the third stage. Dur- 
ing this stage, the solution of the research problem and 
the preparation of a thesis will occupy the major interest 
of the student. The thesis should be written in accord- 
ance with the departmental policy as well as the re- 
quirements of the Graduate School. + 

The order of events in thesis preparation is as fol- 
lows: First the student must convince himself and his 
adviser that he has enough results for a thesis. When 
the adviser is ready to approve the thesis the student 
prepares four copies which are submitted to the de- 
partmental chairman, who then appoints a depart- 
mental committee to act as referees and report to the 
staff. After approval by the chemistry staff, two copies 
are sent to the Graduate School and after approval, 
the student is required to present himself for an oral 
examination in defense of his thesis, before a committee 
appointed by the Dean. 

The oral examination is open to the public and con- 
sists of a seminar presentation by the student, an ex- 
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amination by the committee, and additional questions 
and discussion from the audience. 


MASTER’S DEGREE 


A student study for the master’s degree follows the 
program for the doctor’s degree through the first stage 
and the Level Evaluation. After that he should devote 
the major part of this time to completion of his research 
and the writing of the thesis. However, he may take 
additional courses upon the advice of his research ad- 
viser and the Chairman of the Department. The writ- 
ten Level Examination, when of superior quality, may 
substitute for the master’s comprehensive final exam- 
ination. A master’s student on a full-time basis may 
normally expect to finish his work in an academic year 
and a summer. 

Seminars. All graduate students in residence are 
required to participate in the departmental seminars. 
After entering the second stage, they must also attend 
the appropriate divisional seminars. Any student may 
attend informal seminars which are conducted by in- 
dividual staff members. 

The program outlined above has been operated with- 
out change over the last two years and, in the opinion 
of the author, has been surprisingly effective in rapidly 
converting a student from an undergraduate to a grad- 
uate viewpoint and permitting him to develop into a 
reliable and independent student with a mature outlook 
on the objectives of his work. The departmental 
seminar has initiated him as a speaker before an audi- 
ence and as a critic of the presentation of others. 
The most effective education and development has, 
perhaps, come from the informal seminars in the spe- 
cialized fields of the various staff members. These 
seminars are becoming increasingly popular and often 
attract participants from other chosen fields of special- 
ization in research. 

The philosophy of the Department allows consider- 
able freedom in the second stage, and there has been a 
decrease in requests for formal courses as the students 
find that they can learn more effectively by devoting 
their time both to reading and to informal seminar dis- 
cussions. 

Two points of clarification have been necessary in 
connection with the time schedule of each stage and 
the definition of a year. First, there has been a tend- 
ency on the part of the student to overemphasize 
the importance of the written Level Examination and 
to delay taking this examination, thereby lengthening 
the period of the first stage. This defeats the purpose 


of the plan as the staff considers it advisable to make 
decisions early and thus avoid the embarrassment and 
unfairness of being obliged to advise a student to 
discontinue after two years of residence. 


The regula- 
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tions now clearly define the period for the first stage 
as one year for full-time students and three semesters 
for half-time graduate assistants, with postponement of 
the Level Examination permitted only after written 
application and approval by the staff. In order to 
emphasize that the written examination is only a part 
of the evaluation, the whole examination is referred to 
as the ‘‘Level Evaluation.” 

In order to obviate the tendency to shorten the period 
fér the second stage, it is now required that at least 
one year elapse between the time of the approval of 
the second stage report and the Comprehensive Ex- 
amination for entering the third stage. 

One real weakness has become apparent in the pro- 
gram because some of the students recently admitted 
to the Graduate School have not had sufficient training 
in laboratory techniques to undertake research. In 
the author’s opinion, the reason for this lies chiefly 
in the fact that many of the larger universities leave 
the teaching of laboratory techniques in undergraduate 
work to graduate assistants and do not have the staff 
members participate in laboratory teaching. Very 
often, a young man from a small college will have far 
better training in the laboratory, and this is attributed 
to the personal contact in the laboratory with an ex- 
perienced teacher. To remedy this situation, the staff 
has decided to require all students not excused by the 
department chairman to take a laboratory course in 
instrumentation; and beginning last fall, our senior 
course in instrumental analysis (Chem. 421) has been 
used for this purpose. This also carries two other ad- 
vantages, namely, it will give the student several 
months to interview the staff and decide upon his re- 
search problem and adviser, and it will assure two in- 
dependent staff opinions on his laboratory ability at 
the time of the Level Evaluation. 

The department awarded nine doctor’s degrees in 
1952-53, nine in 1951-52, three in 1950-51, three in 
1949-50, two in 1948-49, and three in the previous 
history of the department. The number of master’s 
degrees is as follows: one in 1952-53, four in 1951-52, 
seven in 1950-51, five in 1949-50, six in 1947-48, and 23 
in the previous history of the department. 

Along with this increase in the number of doctor’s 
degrees awarded, there has been a marked increase in 
the publications in scientific journals by staff members, 
and in another five years the reputation of the depart- 
ment should be such that we should obtain enough ap- 
plications for admission from undergraduate schools 
across the country that we can be more selective in our 
choice of entrants. No research program is any better 
than the staff who conduct the program and the young 
staff of this department are becoming more and more 
productive. 
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FRIEDRICH ROCHLEDER (1819-74) 


Tux Chemical Institute of the University of Vienna 
was built according to the plans of Josef Redtenbacher.' 
When Redtenbacher died (1870) Friedrich Rochleder, 
until then professor in the University of Prague, was 
chosen as his successor. Rochleder was born in Vienna 
(1819), studied medicine in the University of Vienna, 
and became Doctor of Medicine in 1842. He obtained 
his chemical training in Liebig’s laboratory in Gies- 
sen (1842 and 1843). In 1845 he became professor in 
the newly founded Technical Academy in Lemberg, 
in 1849 he was called to the University of Prague as 
successor when Redtenbacher was called to Vienna, 
and in 1870 he became Redtenbacher’s successor in 
Vienna. Rochleder was a full member of the Imperial 
Vienna Academy of Sciences from its establishment 
(1848). The new building of the Chemical Institute 
was not completed when Rochleder was called to 
Vienna and he occupied the building first in 1873. 

Rochleder and his pupil Heinrich Hlasiwetz*? (1825— 
75) founded the study of plant chemistry (phytochem- 
istry) in Austria. Rochleder was especially interested 
in the study of substances in plants which were closely 
related botanically. In his activities in Prague he 
found in Hlasiwetz an excellent collaborator. Hlasi- 
wetz, in his later independent work, continued under 
the influences which he had felt in Rochleder’s labora- 
tory. Rochleder worked on the constituents of the 
coffee bean, the horse chestnut, reactions of tannins, 
caffeine, and different glucosides. He also carried on 
work with Theodor Wertheim (1820-64) who from 
1861 to 1864 was professor in the University of Graz. 
Rochleder and Wertheim reported in 1845 and 1849 
on a volatile base which resulted from treating piperin 
from pepper with alkali. In 1853 Cahours character- 
ized this base, piperidine, more carefully. The dis- 
covery of the amines led to the recognition that various 
plant substances contained methyl groups united to the 


1 Koun, M., J. Cem. Epuc., 24, 366 (1947). 
2 Koun, M., ibid., 22, 55 (1945). 
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Translated by Henry M. Leicester 


nitrogen. Rochleder obtained a base from caffeine 
which he called “formylin.” Shortly afterward (1849) 
Wurtz showed that Rochleder’s formylin was methyl 
amine. In 1851 Rochleder isolated from madder root 
the glucoside of alizarin which he called ruberythric 
acid. Schunck had already in 1848 obtained this 
substance, which he called rubian, in impure form. 
In 1854 Rochleder and Schwarz prepared pure sapo- 
nine from Levantine soap root. 

Rochleder also published two theoretical communi- 
cations (1853 and 1854). In these he expressed the 
view that methyl is the fundamental radical. Other 
radicals can be considered to arise by stepwise substi- 
tution of methyl or phenyl for the hydrogen atoms of 
methyl. Unsaturated radicals, that is, those which 
can add hydrogen or halogens, were thought to be 
radicals which contained empty spaces (free valence 
units). 

When Rochleder died (1874), his assistant was 
Zdenko Hans Skraup* (1850-1910). In 1874 appeared 
a preliminary communication by Rochleder and Skraup 
on cinchonine. Skraup continued this study after the 
death of his teacher. In 1879 he published his work on 
the composition of cinchonine. Thus, shortly before 
his death, Rochleder led Skraup into the field of the 
quinine alkaloids, in which Skraup later became one of 
the chief investigators. 

If Rochleder had had a longer life, science could have 
expected much more from him. Destiny willed other- 
wise. Yet his pupils, H. Hlasiwetz and Zd. H. Skraup, 
were able to increase richly the values which they 
obtained from him. 
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TION 


Aursovex most scientific reports are not primarily 
planned to produce attractive pages in a publication, 
some well illustrated reports approach this result. 
Usually this effectiveness does not occur by chance, 
but is produced by carefully prepared, adequate illus- 
trations. This paper is intended to assist authors who 
wish to improve their reports by learning to plan and 
produce better technical illustrations. 

The achievement of a coordinated, illustrated report 
requires more than haphazardly tracing curves from 
the experimenter’s notebook. Each chart or illus- 
tration that is to serve as an interesting focus in the 
text, as well as an aid to understanding, must receive 
ample consideration. To be most useful, the illustra- 
tion must show data in ways that give the reader an 
instant comprehension of the subject. 
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Figure 1. Good Diagram of a Process 

Since illustrations are usually conceived when the 
author is concentrating on writing his manuscript, they 
may easily fail to receive proper attention. Therefore 
it is suggested that as the first step toward good charts 
and graphs the author give more thought to their selec- 
tion, content, and form. 


SELECTION 


How can the data be illustrated to best advantage? 
The answer to this question depends entirely on the 
subject of the report. The author should examine his 
data carefully and make a preliminary selection of items 
for possible illustration. He should then review this 
list to eliminate repetition but still be sure the subject 


1 One of the Laboratories of the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, 
United States Department of Agriculture. 


* ILLUSTRATING THE TECHNICAL PRESENTA- 


THOMAS S. MICHENER, JR. 
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is covered. An attempt should be made to provide 
the most interesting illustration for the most important 
part of the topic. Since each illustration is placed close 
to its reference in the text, the sequence of the illus- 
trations will follow the progress of the work being re- 
ported. In some cases, the effort to provide good 
continuity in the illustrations may suggest changes in 
the arrangement of the text. If a change will produce 
a clearer exposition or greater emphasis, it should be 
made. Illustrations and text should combine to give 
a clear, unified statement. 


FORM AND CONTENT 


Careful consideration should be given to the form 
and content of each drawing. ‘To select the best form, 
the author needs to be familiar with the different types 
of drawings and their proper usage. The type of illus- 
tration most frequently used is the graph with a con- 
tinuous curve showing the relationship of variables. 
This type of illustration is easily understood by the 
reader and when properly prepared is generally picto- 
rially satisfying. 

The continuous curve should not be used to illustrate 
periodic data. It gives the reader an erroneous idea 
of continuity of relationship that does not exist. The 
proper form of illustration for showing static values 
is the bar graph. Bar graphs may show more than 
one set of values, each series being identified by its par- 
ticular cross-hatching. The bars may also consist of 
rows of symbols, such as silhouette drawings or dollar 
marks, which identify them. 

It is suggested that some form of “‘pie”’ chart be used 
when the data show the relative parts of a whole. 
This easily constructed diagram does not appear as 
frequently as it might. Because the eye is able to com- 
pare both the area and central angle of one sector with 
any of the others in the chart, the reader easily grasps 
and retains the relative proportion of the parts demon- 
strated this way. 

Drawings of apparatus and equipment also require 
considerable thought. There is a distinct difference 
between working drawings and illustrations. Working 
drawings should never be published with reports, 
since the many details required for correct manufacture 
of the equipment are not needed by the reader. The 
drawing that illustrates equipment or apparatus for 
a report must be made as simple as possible; all de- 
tails except those to which the text refers should be 
eliminated. Illustrations of technical apparatus should 
be clear, well proportioned, and labeled with the names 
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or functions of the parts. There should be no crowded 
or confusing areas on the drawing. 

Figure 1 illustrates a good diagram of a process; 
it is simple, direct, and easy to understand. Figure 2 
gives an example of the confusion caused by including 
too many details. 

In attempting to work out the details of any illus- 
tration, it should always be borne in mind that there is 
a limit to the material that may be included in one 
drawing. This limit may be understood if the author 
assumes that some of his readers or audience are un- 
familiar with the data. This unfamiliarity requires 
that complicated ideas should be explained in small, 
easily understood steps. If the author fails to recog- 
nize and stay within the bounds of assimilable illus- 
trations, his readers or listeners will miss important 
points and lose interest. Crowded drawings may 
easily confuse the subject rather than clarify it. Fur- 
thermore, the author will find that limiting the quantity 
of data will simplify making the drawing. 


LANTERN SLIDES 


When a lantern slide is to be made, it is reeommended 
that the drawing be made to fit the size and shape of a 
slide opening. Fortunately, prepared commercial slide 
masks are made with openings of many shapes and sizes, 
so that this is not difficult. It should be pointed out, 
however, that only the large openings having a greater 
width than height use the screen space efficiently when 
projected. The table gives dimensions of the openings 
in some of the more frequently used slide sizes. 

Instead of allowing the photographer who makes 
the slide to choose the mask opening to fit the drawing, 
it would be better for the author to plan the drawing 
proportion to fit a definite slide opening. The most 
satisfactory arrangement is for the author to select a 
slide opening and make the drawing three to four times 
larger. If the drawing is made larger than this, it 
will be more difficult to gage the proper thickness of lines 
and size of the lettering. If it is smaller, the inevitable 
imperfections in drafting will be greatly magnified 
when the slide is shown on the screen. Another ad- 


Suggested Sizes of Drawings for Lantern Slide Openings 


Lantern slide ing wing 
Width, leighi, Width, Height, 
inches inches t 
21/4 8 
3 23/4 8*/, 8 
3 13/, 10'/2 61/s 
23/4 27/s 8 
21/4 23/4 8 


vantage to be found in using a drawing three to four 
times the size of the slide is that it fits a standard 
letter-size sheet of paper. The drawing sizes in the 
table, which are between three and four times the size 
of the slide, all fit the standard letter-size paper. All 
numbers, captions and clear space for a border should 
be included within these dimensions. 

Selecting Scales for Graphs. When the drawing 
for a slide is to consist of a graph containing one or 
more curves, the scale for the ordinate and abscissa 
should be carefully selected to make the size of the sig- 
nificant data as large as possible. It would be good 
practice to plot the data first as a rough draft on any 
graph paper available. If the first plotting does not 
produce a satisfactory graph, a larger or smaller scale 
may be tried for one or both of the coordinates to im- 
prove the appearance, increase the legibility, and pro- 
duce proportions that will fit the slide opening. It 
almost invariably helps at this stage to consult the 
draftsman who is to make the finished drawing. When 
the graph seems to be suitable for the final drawing, it 
would be well to ask a few questions about the appear- 
ance of the sketch. For instance, will the data fill 
the available space effectively? Will there be ample 
space for proper line thickness and lettering? Will 
the slide be too crowded for instant comprehension 
by an audience whose attention may be diverted 
by normal auditorium noises? 

In “Aids to Technical Writing,” Jordan and Edwards 
(1) state: “It is recommended that a single slide 
contain not more than 20 words, including the title, 
and present only one idea.’ They also make the 
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Figure 2. Confusing Diagram 


following statement about this type of chart: “If 
curves presented on charts are not of the same slope 
and family, it is recommended that, for clarity, not 
more than three curves be shown on a single slide.” 

Figure 3 demonstrates the effects of overcrowding. 
The different angles of slope and the crossing of the 
curves cause confusion. Figure 4 shows the maximum 
number of curves that should be drawn on one chart, 


even though they all be similar. 
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Figure 3. Overcrowded Chart 


In regard to the use of tabular data for slides, Jordan 
and Edwards state: “The use of tables should be 
avoided wherever possible in oral presentation of 
scientific data. . . . Detailed tables are impossible to 
comprehend when flashed on the screen for a short 
period of time. Furthermore, it is generally found 
that only a few of the values presented in the tables 
are actually discussed by the speaker, and little, if 
any, reference is made to the remaining material.’ 
If the author is inclined to use several tables for 
slides, he should suspect that he has not given enough 
thought to the audience’s reception of his material. 
He may be trying to give too many data without 
proper predigestion and selection. If the information 
can be converted to a graphic illustration, the audience 
will be able to understand it more quickly and 
more thoroughly. Tables should be used only if 
there is no way to illustrate the material by means 
of a graph or chart. If tables are necessary, no 
more than 16 items should be included, each word or 
three-digit number being counted as an item. 

Lines for Lettering. Another difficulty often en- 
countered by the technical author—selecting the size 
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of the lettering and thickness of lines—can easily be 
overcome by planning slide drawings for the sheet 
sizes recommended in the table. Jordan and Edwards 
(1) show that if the drawing is made approximately 
three times the size of a proposed slide, the minimum 
size of the lettering should be that produced by No. 
140 lettering guide (Wrico or Leroy) and the minimum 
line thickness on the drawing should be 0.008 inch (or 
0.2 mm.) for background grid, guide, and dimension 
lines. When an open-background chart is used, the 
scale-division marks along the border should be approxi- 
mately twice this thickness. Border lines and letter 
strokes should be heavier still, and the curves, which 
are the most important feature of the chart, should be 
thickest of all (not less than 0.03 inch or 0.75 mm.). 
Uniformity of thickness of the lines throughout their 
length is important in work that is to be reproduced 
photographically; thin spots may fail altogether. 

Making the Finished Drawing. If the author is mak- 
ing his own finished drawings, he would do well to ob- 
serve the precautions listed below. He may also find 
them useful when checking the work of others. 

(a) Restrict the number of scale division marks 
or background grid lines to the few needed for approxi- 
mate readings only. Interested persons will no doubt 
request copies of the numerical data. 

(b) Grid rulings should not run through lettering 
or data symbols, but may cross curves without inter- 
ruption. 

(c) Use simple, easy-to-reproduce data points. The 
simplest is an open circle having an outside diameter 
three to four times the thickness of the curve. Its 
line thickness should be one-third to one-half the thick- 
ness of the curve. Use, in the following order, the solid 
round dot (two and one-half times the curve thickness), 
the open square, and the open triangle. The square 
and triangle should fit in a circle five to six times the 
thickness of the curve, and their lines should have 
the same thickness as the open circle. 

(d) When curves represent experimental results, it 
is good practice to include the points on the drawing. 

(e) When data points cause crowding or confusion, 
omit some of them. The important feature of the 
drawing from the reader’s point of view is the curve, 
not the points. 

(f) In general, use solid lines for curves. However, 
variations in the type of line used for curves on the 
same chart give more positive differentiation than do 
varied data points. If lines are varied, use, in the 
following order, the solid line, then lines consisting of 
long dashes, short dashes, dots, and alternating dots 
and dashes. 

(g) Maintain uniformity of symbols and _ lines 
throughout the series of drawings. 

(hk) Identify all curves, parts of apparatus, proc- 
esses, and materials by adjacent horizontal labels, 
placed so that there can be no mistake about the label 
that applies to the item. If necessary, use arrows to 
tie the label to the item. Labels should be brief, not 
more than two long words or three short ones. 
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(t) Mark coordinates at the left and along the bot- 
tom. The American Standards Association (2) recom- 


fample: TIME, HOURS). 


' Imends that the dependent variable be placed vertically 


along the ordinate, and the independent data across 
the abscissa, from left to right. The captions for these 
numerical values should be given in plain vertical 
letters and should state what is measured or repre- 
sented, followed by the unit of measurement (for ex- 
A simple system of number- 
ing, consisting of multiples of 5 or 10, should be used. 

(j) On drawings of apparatus or equipment, in- 

clude dimensions or other means of establishing the 
scale. 
(k) In lettering the drawing, leave a space between 
the letters at least twice the thickness of the letter 
stroke. Between words and between lines use a space 
equal to or greater than the height of the letters. It 
is the white, open space around the letters or symbols 
that makes them legible. 

Some of these suggestions were taken from the Ameri- 
can Standards Association (2); others are the result of 
personal experience. The list could be amplified with 
many more “‘do’s” and “don’t’s,”’ but the items omitted 
will be taken care of by good drafting practice and com- 
mon sense. It should be emphasized that the author is 
always responsible for accuracy regardless of who pre- 
pares the drawing. 

Typewriter Slides. A typewriter may be used for 
lettering drawings for slides when other means are 
unavailable, if the size of the drawing is proportioned 
to fit the smaller lettering. ‘‘Radio-Mats” can also 
be used. These devices, made of cardboard and cello- 
phane, produce legible slides when used for typewritten 
material. The space available for typing limits the 
words and numbers that can be included. Typed 
lettering on “‘Radio-Mats”’ will usually project legibly, 
but graphs or other drawings are beyond their limita- 
tions. It is better to draw directly on the window with 
India ink, although this cannot be expected to adhere 
very long. 

When prepared devices are not available and slides 
are required urgently, it is also possible to use cello- 
phane or other clear sheeting in the same way that 
‘“Radio-Mats” are used. Typing can be made to ad- 
here if carbon paper is placed in the typewriter so that 
both sides of the slide will receive the impression. J. L. 
Wilson (3) also suggests cardboard stiffening masks 
for this type of work. ' 

When the minimum sizes of lettering recommended 
by Jordan and Edwards (1) are used, the maximum 
drawing size should be 2.1 times the slide opening for 
pica type and 1.9 times for elite type (the usual large 
and small typewriter types). These measurements will 
give rectangles within which to work, including all draw- 
ings, typing, and borders. 

When the lettering is done by typewriter, sharp re- 
sults can be obtained by using a new ribbon and a good 
grade of glossy, white paper. Do not try to erase mis- 


takes; it cannot be done easily and is rarely successful. 
Alterations should be made by typing the correction 


on a separate piece of paper and cementing it in place 
with rubber cement. 

Checking the Slide. A simple way to determine 
whether a slide will project well is to inspect it from a 
distance of 20 inches. If all parts can be distinguished 
easily when it is held toward a well-lighted, light-colored 
surface, it will project satisfactorily. Similarly, if a 
drawing three times the size of the finished slide can 
be read easily at three times 20 inches, a well made 
slide from this drawing will also be satisfactory. 


DRAWINGS FOR PUBLICATION 


When an author is planning to publish an illus- 
trated manuscript in a technical publication, he should 
first examine several copies of the periodical. He 
should notice the details of the illustrations, keeping in 
mind that the drawings have been photographically 
reduced to conserve space and make the cut fit the 
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width of the column. In technical periodicals the 
column may be from 2!/; to 6 inches wide. The 
difference between the width of the proposed drawing 
and the column width will determine the amount of 
reduction the drawing will require. Unlike drawings 
for slides, drawings for publication may have an elastic 
vertical dimension. The vertical size of illustrations 
may be expanded or compressed to emphasize some 
aspect of the data or reduce its importance with re- 
spect to horizontal components. Careful considera- 
tion and consultation at this time with the draftsman 
or other authors often result in changes that improve 
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the visual impact of the data or make rapid compre- 
hension easier for the reader. 

Another difference between drawings for publica- 
tion and those for slides is the amount of reduction 
required for good results. Drawings for slides should 
allow enough reduction to reduce imperfections so that 
they will not. be noticeable when greatly enlarged on a 
screen. Drawings for publication, however, need only 
moderate reduction. If it were not for the difficulty 
of drawing thin lines and microscopic lettering, these 
drawings could be prepared for exact-size reproduction. 

To avoid some of the difficulties in drafting, it is 
recommended that drawings for publication be planned 
to allow a reduction in width of one-third to two-thirds. 
This reduction requires that the width of the drawing 


Figure 5. Dimetric Illustration of Three-dimension Data 


be one and one-half to three times the width of the 
finished cut. The height of the drawing should then 
be planned to show the data to advantage but 
not waste space. It would be well at this time to 
consider the proportions of rectangular drawings. 
To avoid awkward rectangles, Hambidge (4) suggested 
the use of one of tne following ratios: 1.414 to 1.0, 
1.732 to 1.0, 1.0 to 1.0, 2.0 to 1.0, and 2.236 to 1.0. 
These ratios are based on measurements of many 
buildings and art objects. 

Lines and lettering should next receive attention. 
Since in a finished cut lines thinner than 0.006 inch 
may fail to reproduce properly in spots, it would 
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appear advisable to use this as a minimum and deter- 
mine the thickness of lines on the drawing by means of 
the ratio of width of drawing to width of cut. Other 
lines should be proportionally thicker as described 
under drawings for slides. 

To be legible, lettering on a finished cut should 
never be less than '/i. inch high. The minimum 
size of lettering on the drawing can be determined by 
using the ratio indicated above. Lettering should be 
plain and neatly spaced. In general, to provide in- 
terest and contrast with the grey body of text, the 
lines and lettering should be larger and heavier than 
the minimum recommended. 

Sheet Size. It cannot be too strongly emphasized 
that drawings both for slides and publication should 
be made on letter-size sheets. Drawings smaller 
than the standard 8 by 10'/: inches or 8'/: by 11 inches 
may be easily lost, because envelopes and filing cabi- 
nets are made for this size sheet. Drawings larger 
than letter size cause great inconvenience, because 
they require folding or rolling to be mailed or stored. 
If larger drawings are necessary, they should be in 
multiples of this size. 


At some point in the process of illustrating his manu- 
script, the author might well think about the effect his 
drawings will have on the reader or audience. A re- 
port may be remembered for either of two reasons—be- 
cause of interest in the subject or because it is pre- 
sented in an unusual way. Compare the average 
scientific report with articles in technical periodicals 
intended for the general public. Much of the effec- 
tiveness of the latter is a result of dramatic illustra- 
tions. 

Has anyone tried publishing a technical report that 
contains nothing but illustrations, their captions, the 
summary, and the bibliography? Possibly a time 
may come when words will be accessory to illustra- 
tions in the technical field, as in today’s pictorial 
newsmagazines. Many readers will recall attending 
excellent seminar lectures that consisted entirely of 
slides with a brief discourse about each. Usually, 
however, this proportion of words to illustrations 
is not retained when the report is published. 

For an exposition of a way to reduce statistics to a 
striking image-language story on a chart, the reader 
is referred to ‘“How to Use Pictorial Statistics,’ by 
Rudolf Modley (5). Basic rules are given for the pro- 
duction of striking charts. The author emphasizes 
that considerable study is needed to present statistics 
with the strongest graphic effect, but states that it is 
well worth the effort. 

The type of drawing can of itself stimulate the 
reader’sinterest. The drawings easiest to comprehend 
are the isometric, dimetric, and perspective projections 
with parts ‘‘exploded”’ or cut away to show the hidden 
details. Plastic drawing guides and special, perspec- 
tive sketch books are now available for making these 
drawings, including the ellipses of many shapes and 
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sizes needed for this work. These systems can be 
extremely effective when used for flow diagrams and 
equipment illustrations. Figure 5 shows an unusual 
dimetric chart that illustrates data with three varia- 
bles. 

Color can be used on lantern slides to make them 
attractive and to help distinguish the parts. An easy 
method is to have the chart reproduced as a negative 
oi the correct size for a slide, and then color the sepa- 
rate curves or bars with photographer’s transparent 
water colors. This kind of work will probably be 


\confined to slides, because few journals are equipped 


for profuse color printing. 
Eye-catching devices such as these can make a 


scientific report stand out from the average hard- 
to-read treatise. Many authors will no doubt con- 
ceive still other methods of enriching their reports. 
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s A LOG TABLE FOR pH PROBLEMS 


One deterrent to a beginning student’s ready ac- 
ceptance of the pH system of notation probably stems 
from his belief that he will not be given a pH problem 
on an examination, since he is not expected to memorize 
a log table. He is often approximately right in this 
belief, for pH problems on examinations frequently 
bear the directive, ‘“Leave your answer in the form of 
an equation.’’ Thus the student needs to learn only 
to substitute into an equation. The operation of 
computing pH need be only half mastered. Even in 
the absence of examinations, the apparent need for a 
printed log table is enough to dampen student en- 
thusiasm for pH problems. 

This “log jam’ in the way of student mastery of 
pH can be removed by providing a readily remembered 
log table suitable for computing pH from hydronium- 
ion concentration and the reverse. Such a log table 
is presented here in the manner in which it might be 
given to a college freshman with at least a working 
knowledge of logarithms. 

The log of 1 is 0 and the log of 10is 1. (Certainly a 
working knowledge of logarithms would include this 
information.) Now it is necessary to memorize either 
that the log of 2 is 0.3 (actually 0.3010) or that the 
log of 5 is 0.7 (actually 0.6990). Memory of one allows 


ready computation of the other, since 2 X 5 = 10, 
and therefore log 2 + log 5 = log 10. From the log 
of 2, the log of 4 and the log of 8 are readily computed, 
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since 4 = 2? and 8 = 23, and therefore log 4 = 2 log 
2 = 0.6, and log 8 = 3 log 2 = 0.9. One more point 
completes the table: that is that log = 0.5 (actually 
0.4971). This is based on the obvious approximation 
that x? = 10, and is in one respect the key to the whole 
table since it soon becomes the easiest of the inter- 
mediate points to remember, and once obtained serves 
to jog the memory to recall that log 2 = 0.3 (rather 
than log 3 = 0.2). 
The complete table looks as follows: 


° 


SONA 


Logarithms of other numbers are obtained by inter- 
polation just as with a more detailed table. For 
example, log 7 = 0.83 from the above table, 0.8451 
from a four-place table; log 1.5 = 0.15 from the above 
table, 0.1761 from a four-place table. The error from 
using this table is always less than 0.03 in the logarithm, 
usually less than 0.02. The experimental measure- 
ment of pH is seldom more accurate. 

An intrinsic advantage of the table is that it saves 
the student the problem of deciding how many decimal 
places to use and does not tempt him to report pH to 
more significant figures than are usually justified. 
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* MATERIAL BALANCES AND REDOX EQUATIONS 


Convention instruction in balancing redox equa- 
tions is based largely on the oxidation number concept 
or on the ion-electron method. Both methods, it is 
generally agreed, are rule-of-thumb methods. The 
oxidation number concept has been termed ‘“con- 
venient fiction” (15, 16), and while the ion-electron 
method obviates the necessity for the oxidation number 
concept, still some of the half-reactions of this method 
are imaginary reactions without basis of fact. If, then, 
the methods we teach are empirical, our students may 
well ask us what verities do actually underlie the 
balancing of redox equations. 

It is the purpose of this paper to remind teachers of 
chemistry of a third method of balancing redox equa- 
tions which does not depend on rule-of-thumb em- 
piricism, but which rests on the soundest of verities, the 
law of the conservation of matter. This method was 
proposed by James Bottomley (1) 75 years ago, but in 
the intervening years the location of the original com- 
munication and the identity of its author were all but 
forgotten. The Bottomley method was illustrated in 
THIS JOURNAL by Endslow (8) who asked for help in 
locating the original paper. This request elicited 
numerous replies, from which it was evident that there 
was a considerable interest in the method itself,’ but it 
was also apparent that the original source had nearly 
been forgotten; a citation of Bottomley’s paper did not 
appear in THIS JOURNAL until seven years later (9). It 
is small wonder that the original communication was so 
nearly forgotten, for it appeared in a contemporary 
news journal as a half-page news item, without benefit 
of title, under the proceedings of scientific societies, It 
is not surprising, therefore, that even today the method 
is not widely familiar to teachers of chemistry. 

Bottomley’s method has as its basis the law of the 
conservation of matter. One determines a series of 
material balances for the elements involved in a reaction 
(ions or groups of atoms may also be balanced), in the 
manner of a chemical engineer, for a given process. 
For example, in the reaction 


aNH,CNS + 6KMnQ, + cH2SO, = dMnSOQ, + 
+ fH:O + gCO: + AN: 


material balances for the several elements are given by 
the following equations: 


N: 2a =2h 8: a+c=d+e 
H: 4a + 2c = 2f K: 6 =2 
Mn: b=d 


a= 
O:" 4b + 4c = 4d + 4e + f + 29 


1 The 25-year Cumulative Index, 1924-49, of TH1s JouRNAL 
lists 17 communications dealing with “‘balancing equations by 
the method of undetermined coefficients.” 


GEORGE W. BENNETT 
Grove City College, Grove City, Pennsylvania 


. When these seven linear equations are solved, rela- 
tive values for the coefficients are obtained. In this 
case the smallest whole numbers are: a = 5; b = 14; 
c= 16; d= 14; e =7; f = 26; g = 5; h = 5. 

For an ionic equation such as 


aFet? + bSn*++ = cFe*+* + dSnt* 


there are four entities but only two equations for 
material balances. A third relationship can be found in 
the equality of electrical charges in the balanced 
equation. 


3a + 2b = 2c + 4d 


And again, the smallest whole numbers are a = 2; 
b = 1; etc. 

The Bottomley method has three striking virtues. 
In the first place it has the soundest of bases, and its 
similarity to calculations made by the modern chemical 
engineers to check input and output of materials is 
obvious. 

In the second place the method will reveal whether or 
not an equation as written is actually an integral 
chemical reaction or if it is the sum of two or more 
concurrent reactions. If the equation represents an 
integral reaction there will be a unique value for the 
ratio of the several coefficients; if, on the other hand, 
the equation represents the addition of concurrent re- 
actions there can be no unique solution for the ratio. 
Or, again, one can write n or n—1 equations for material 
balances where there are n variables (chemical entities) 
in the reaction. If the number of variables exceeds the 
number of balances by more than one then the equa- 
tion as written is not the equation for a single reaction 
(7, 8, 13). A. Lehrman (4) points out that equations 
for consecutive reactions may be added, that those for 
concurrent reactions must not be added, and that so- 
called ‘nonstoichiometric” equations (14) actually 
represent the latter case. Standen (13) utilized the 
Bottomley method to prove that Porges’ (12) 
Brobdingnagian equation is also an addition of two con- 
current reactions. This method, therefore, is a valuable 
tool for searching out similar instances of this fallacy. 

In the third place, the Bottomley method will solve 
such difficult equations as Park cites (10) in which one 
of the determinative atom species occurring in the 
reactants becomes distributed among two or more of 
the products. Neither the change in oxidation number 
method nor the ion-electron method serves to solve 
Park’s equations. But the use of material balances will 
determine the ratio of the coefficients without resort to 
the involved chemical reasoning that Park expounds. 
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Surprising as it may now seem, this admirable method 
of balancing redox equations has not been well received. 
Kendall says (4) that Sir James Walker’s text warns 
that the method is purely mechanical and affords little 
insight into the nature of the chemical reaction con- 
sidered. Clark (2) considers the method too laborious 
but feels that it makes a good chemical hobby. Peet 
({1) thinks that the method is not worthy of con- 
sideration. L. Lehrman (6) attacks the method as a 
tool used simply because it works. 

The teacher has, in the Bottomley method, however, 
material with which to answer the students’ inquiries 
as to what verities do actually underlie this particular 
method of balancing redox equations. One may well 
grant that the method is laborious, but one cannot 
deny that it is based on a verity. Once students under- 
stand the basis of this method and experience the labor 
of using it they can appreciate why chemists prefer to 
employ rule-of-thumb methods for their day-by-day 
work. They may be able to believe also that real 
bases of fact underlie the more familiar methods 


+ 


currently taught in the classroom. The teacher, 
moreover, needs to make no apology when he admits 
forthrightly that the conventional methods are used 
simply because they are both convenient and expedi- 
tious. 
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“CONTRIBUTIONS TO THERMODYNAMICS: 


THE SPECIFIC HEAT OF 


AN IDEAL GAS,’’ BY J. McQUIRG 


I HAVE been asked to comment on Dr. McQuirg’s 
work.! Although I find it interesting, I do not agree 
with his conclusions. 

Consider first his discussion of the minimum specific 
heat of anideal gas. When a fluid flows through a pipe, 
the effects of viscosity and turbulence tend to slow it 
down. Exactly because of these, energy is required to 
maintain the flow: the pressure driving the fluid de- 
creases regularly along the pipe as the.directed kinetic 
energy is converted into vortices and ultimately to ran- 
dom thermal motion. 

Dr. McQuirg is in error in stating that “the net work 
done is poeV2 — piV;.’’ Although this is true for the 
classical porous plug experiment, it is not true here 
because a particular mass of gas is not forced into, or 
expanded out of, a section of the pipe at constant pres- 
sure. Actually, the work done here is the integral of 
pdV: itis RT In V2/V;, or RT In p;/pe for an ideal gas, 
and this is not zero. 5 

If the steady state is adiabatic, dg = 0;dU = CdT 


1 See page 299. 


WORDEN WARING 
Arthur D. Little, Inc., Cambridge, Massachusetts 


and since dU and dT are both negative, C, is finite 
and positive. If the steady state is isothermal, dq 
is positive and equals dw, and dU and dT each equal 
zero; once again (as we know) C, is both finite and 
positive. 

In discussing the maximum specific heat, Dr. Mc- 
Quirg uses the relation dU = C,dT for an ideal gas, 
but this does not include any kinetic energy term. If 
we are going to accelerate the gas and consider its 
kinetic energy as part of the internal energy, we should 
write dU = C,dT + '/ed(mv?) with appropriate con- 
version of units. Then dg = 0, dT = 0, and dU = 
— dw = '/:d(mv?). The fact that dU is greater than 
zero depends not on C, and dT but on dv, the velocity 
increase. 

The interpolation suggested by Dr. Seagel is true 
but helpless (7. e., not helpful): the numerical value for 
the specific heat does lie between zero and plus infinity, 
but it requires statistical theory or experimental meas- 
urement to perform the otherwise unspecified “‘inter- 
polation” and give us a number we can use. 
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Tue rules of chemical nomenclature devised by La- 
voisier, Guyton de Morveau, and their associates near 
the close of the eighteenth century' and those sug- 
gested by Ampére? early in the nineteenth century suf- 
ficed for the relatively few compounds then known. 
However, these rules proved inadequate for meeting 
the demands of chemistry when it began to grow by 
leaps and bounds, a growth largely the result of the cre- 
ation and adoption of the atomic theory and the great 
number of synthetic products that were the fruit of 
the new viewpoint. 

The type theory served as the basis of a better classi- 
fication, and later the concept of functional groups led 
to a greater precision in naming organic compounds. A 
good example of this improvement is the scheme sug- 
gested by H. Kolbe for the carbinols. Nevertheless, by 
1880 the new methods of analysis and synthesis had 
produced such a multitude of organic compounds that 
matters were approaching what Grignard*® has called 
“chaos le plus complet.”’ In effect, the names were 
being constructed by adding to the name of the most 
simple compound the changes produced by the addition 
of radicals. Accordingly, it happened frequently that 
a variety of names came to stand for the same com- 
pound, especially in different laboratories. 

The situation had become intolerable and so when 
the International Congress of Chemistry met in 
1889, a special section was created to deal with this 
matier,‘* since the time was too short for the Congress 
itself to settle such important and complicated busi- 
ness. The members who lived in Paris met, with Friedel 
as chairman, as a permanent committee to prepare 
the agenda and working directions for use as the basis 
of the discussions at a new congress. The preliminary 
report, constructed by Gauthier, Béhal, Bouveault, 
Combes, and Fauconnier, was discussed in a great many 


1 Cf. R. E., J. Coem. Epuc., 22, 290 (1945). 

2 Ampbre, A. M., Ann. phys. Chim., 2, 1295-1373 (1816); 
ibid., 5-105. 

3 GRIGNARD, V., ‘“‘Traité chimie organique,” Paris, 1935, Vol. 
I, p. 1074. 

4The members of this special committee were Noelting, von 
Baeyer (Germany); Lieben (Austria); Meurges (Chile); 
Armstrong (England); Berthelot, Friedel, Gauthier, Grimaux, 
Schiitzenberger, Jungfleisch, Fauconnier, Béhal, Combes, Bou- 
veault (France); Franchimont (Holland); Paterno (Italy); 
Istrati (Rumania); Alexeyeff, Beilstein (Russia); Calderén 
(Spain); Cléve (Sweden); Graebe (Switzerland); Boukowski 
Bey (Turkey); and Remsen (United States). 


= THE GENEVA CONGRESS ON ORGANIC 
NOMENCLATURE, 1892 


E. A. EVIEUX 
Le Péage de Roussillon, Isére, France 
Translated by Ralph E. Oesper 


meetings of the Paris group, who modified it consider- 
ably, taking special account of the suggestions sent in 
by Baeyer, Beilstein, Franchimont, Graebe, Istrati, 
and Lieben. Finally, in 1889, the report was published 
by the Association frangaise pour l’Avancement des 
Sciences with the title “Rapport de la sous-commission 
nommeée par le Congrés de 1889 pour la réforme de la 
nomenclature et formée des membres résidents 4 
Paris.”” The committee had come to the conclusion 
that the project could have permanently useful results 
only if the nomenclature were based on the architecture 
of the compounds and if each compound were given a 
name that applied solely toit.6 Finally, after two years 
of hard work, the time was considered ripe to convene 
an international congress to consider and possibly adopt 
the recommendations of the Paris committee. Invita- 
tions were sent to about 75 leading chemists who were 
thought to be interested sufficiently to attend a con- 
gress to be held in Geneva in April, 1892. Some 30 
found it impossible to come; those who participated 
are shown in the accompanying photograph.® 

The congress opened on April 19 and the discussions 
continued through April 22. Friedel was the chair- 
man; von Baeyer, Cannizzaro, Gladstone, and Lieben 
were elected vice-chairmen. Several leading chemists 
whose positions naturally gave them special reasons for 
taking part in the discussion, and also the editors of the 
principal journals, were asked to lead the deliberations. 
Many decisions were taken; they constituted the basis 
of a new nomenclature, which has since been designated 
the Geneva system. All the questions were not settled 
and some could not be examined. Those decisions 
which were unanimous with respect to their immediate 
application were set down in 62 paragraphs,’ which were 
designed to show also how they should be used, and 


5 An account of the preliminary report and also of the subse- 
quent congress at Geneva is given in Bull. soc. chim. France, (3) 
7, xiii-xxix (1892), and also in Wurtz, A., “Dictionnaire de 
Chimie,” 2nd supplement, Paris, 1894, p. 1061. 

®The author is indebted to Professor J. Doeuvre of Lyons 
(successor to V. Grignard) for the loan of the photograph, and to 
Professor M. Delépine of Paris and Mr. B. Gagnebin, Curator of 
the Bibliothéque de Genéve, for identifying the members of the 
group. The absentees included Beilstein, Bunsen, Cléve, Dewar, 
Frankland, Ladenburg, Liebermann, Lobry de Bruyn, Men- 
schutkin, Mendeleev, Raoult, and Schiitzenberger. 

7 The text of these 62 paragraphs will be found in the references 
cited in footnote 5; see also TreMaNN, F., Ber., 26, 1595 (1893), 
where references to other accounts are given. 


Row 
(Paris) ; 
Row 
(Leipzig 
Row 3 
din (Ger 
Row 4 


what 1 

Altl 
grouns 
erocy¢ 
Comb 
did nc 
of the 
and it 
fashio 

Twe 
ciatiol 
lem bi 
under 
the d 
mittee 
plan 1 
discus 

Con 
plemen 

Cr: 
ture of 


JUNE, 
= 
f 
| 
326 


at G 


1892 


Row 1, right to left: 


Ph. Barbier (Lyons); E. Paterno (Palermo); C. Graebe (Geneva); A. von Baeyer (Munich); S. Cannizzaro (Rome); Ch. Friedel 


(Paris); A. Lieben (Vienna); J. Gladstone (London); A. Cossa (Turin); W. Ramsay (London). 


Row 2, right to left: 


H. Armstrong (London); A. Haller (Nancy); P. Cazeneuve (Lyons); E. Fischer (Wirzburg); A. Le Bel (Paris); E. von Meyer 


(Leipzig); C. Istrati (Bucharest); F. Tiemann (Berlin); L. Bouveault (Paris); D. Monnier (Geneva); L. Olivier (7). 


Row 3, right to left: 


R. Nietski (Basel); L. Maquenne (Paris); A. Hanriot (Paris); M. Delacre (Ghent); A. Béhal (Paris); P. Guye (Geneva); F. Rever- 


din (Geneva); E. Noelting (Mulhouse); M. Fileti (Turin) ; A. Franchimont (Leyden). 


Row 4, right to left: 


what would be the chief consequences of their adoption. 

Although the task was far from complete, the 
ground was broken. Multiple functions and the het- 
erocyclic nuclei were left for future congresses. A. 
Combes* made an attempt to complete these gaps but 
did not have much success. In fact, ‘The application 
of the Geneva nomenclature has met with difficulties 


and it has never been adopted in any thoroughgoing 


fashion.’’® 

Twenty years later (1912) a new international asso- 
ciation was organized to. deal with this complex prob- 
lem but World War I interrupted its labors. In 1922, 
under the impulsion of its president, Sir William Pope, 
the deliberations were resumed. The working com- 
mittee, under the headship of Hollemann, presented a 
plan to the Warsaw meeting of the Congress. The 
discussion ‘was continued at The Hague in 1928 and 


8 Comsgs, A., in Wurtz, “Dictionnaire de Chimie,” 2nd sup- 
plement, Paris, 1894, pp. 1043, 1073. 

® Crane, E, J., anp A. M. Patterson, “A Guide to the Litera- 
ture of Chemistry,” New York, 1927, p. 182. 


A. Arnaud (Paris); A. Hantzsch (Zurich); A. Combes (Paris); A. Pictet (Geneva); Z. Skraup (Graz). 


again at Liége in 1930.'° In its “Rapport definitiv de 
la Commission” the Commission de Réforme (headed 
by P. E. Verkade) adopted, in perhaps too hasty fash- 
ion, some new rules of nomenclature.'' The reform 
was an effort to reconcile the different points of view 
that had developed since the establishment of the Ge- 
neva nomenclature. However, the Liége proposals left 
to future meetings the task of working out a suitable 
system for naming the branched cyclic compounds and 
also the organometallic derivatives. If the future may 
be judged by the past, the problem will never be com- 
pletely solved, since increasing complexity is the inevi- 
table accompaniment of the growth of organic chemistry. 
The “Tables of Formulas” employed, by Chemical Ab- 
stracts and Beilstein will always be indispensable, no 
matter what system of naming is devised. 


10 GRIGNARD, V., Bull. soc. chim. France, 47, 482 (1930); 
Ho.iemann, A., Rec. trav. chim., 48, 641 (1929); J. Chem. Soc., 
1931, 1607; Helv. Chim. Acta, 14, 868 (1931); Patrerson, J. 
Am. Chem. Soc., 47, 543 (1925). 

1 Parrerson, A. M., J. Am. Chem. Soc., 55, 3905 (1933); 
VeRKADE, P. E., Rec. trav. chim., 51, 185 (1932). 
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274th MEETING 


The 274th meeting of the NEACT was held on Feb- 
ruary 13, 1954, in the science wing of the elegant new 
modern plant of the East Providence High School, 
East Providence, Rhode Island. The meeting was 
opened by greetings from the Superintendent of Schools, 
Edward R. Martin, who was formerly a chemistry 
teacher and is one of those who laid out the very fine 
science wing of the new building. 

The first speaker was Dr. Laurence 8. Foster of 
Watertown Arsenal Laboratory, Watertown, Massa- 
chusetts, who reviewed current concepts on the “Origin 
of the chemical elements.” The viewpoint presented 
was mostly that of George Gamow, Professor of Theo- 
retical Physics at the George Washington University, 
who holds that “the present state of the Universe re- 
sulted from a continuous evolutionary process, which 
started in a highly compressed homogeneous material 
a few billion years ago.”! The known abundance of 
the elements on the earth, in meteorites, in the sun, 
and in the stars is in agreement with the theory. At 
the initial stages of the expansion, the temperature was 
many billion degrees Celsius, and the density was a 
hundred million tons per cubic centimeter. Under 
these conditions, everything was reduced to neutrons, 
protons, electrons, and photons of energy. Soon ‘after 
the expansion had begun, the temperature dropped 
sufficiently to permit atomic nuclei to form. Except 
as a result of residual radioactivity and of thermonu- 
clear reactions that continue in the sun and stars, no 
new atoms of the various elements have been formed 
since. 

The validity of these strange hypotheses is borne out 
by the existence of some long-lived radioisotopes, like 
U*8 (4 X 10° years), K® (1 X 10° years), Th?*? (1 X 
10'° years), etc., all of which would long since have 
decayed away if the starting date had been much ear- 
lier than five billion years ago. The fact that U** still 
exists is especially relevant because its half-life is only 
800,000,000 years, whereas U***, with a half-life of 
23,000,000 years, has entirely disappeared. The fol- 
lowing bibliography is furnished to stimulate interest 


1Gamow, GeorceE, “The Creation of the Universe,” The 
Viking Press, New York, 1952. 


in chemistry teachers in this fascinating branch of 
cosmography.” 
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pp. 1-40. 

Bonn, H., “Cosmology,” Cambridge University Press, 1952. 

Gamow, “The Birth and Death of the Sun,’ Pelican 
Books, 1945. 

Gamow, GrorcE, “The Creation of the Universe,’”’ The Viking 
Press, New York, 1952. 

Urey, Harotp C., “The Planets—Their Origin and Develop- 
ment,’’ Yale University Press, New Haven, 1952. 

RanxaMa, K., anp Tu. G. Sanama, “Geochemistry,” University 
of Chicago Press, 1950, Chaps. 1-3. 

Articles 

Aupuer, R. A., H. Berus, anp G. Gamow, “The origin of the 
chemical elements,” Phys. Rev., 73, 803 (1948). 

Aupuer, R. A., anp R. Herman, “Theory of the origin and 
relative distribution of the elements,’’ Revs. Mod. Phys., 22, 
153 (1950). Contains complete bibliography. 

Asimov, I., ‘The elementary composition of the earth’s crust,” 
J. Cuem. Epuc., 31, 70 (1954). 

Asimov, I., “Naturally occurring radioisotopes,” ibid., 30, 398 
(1953). 
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Astmmov, a “Relative contributions of various elements to the 
earth’s radioactivity,” ibid., 31, 24 (1954). 


2 By way of definition of the term cosmography, the following 
course description is quoted from the Harvard College Catalogue 
(1953-54): Natural Science 115, Cosmography. ‘A survey of 
the cosmos in the light of current scientific knowledge is the goal 
of this course. The location of man and his artifacts in the wor!d 
of atoms, cells, stars, and galaxies, will be examined along with 
the complementary inquiry into the place of the mind of man 
in the material universe. The age of the world, the twilight of 
heat, the dimensions of space, the cosmic role of the matter- 
energy and time-space entities will be discussed as well as biologi- 
cal life as a cosmic phenomenon. The explorations lead up and 
down the geological timetable, in and out of the groups and 
periods of the chemical elements, and along the radiation spectrum 
from cosmic rays to radar. The large evolutionary processes, 
as of the stars and rotating galaxies in an expanding universe, 
and the evolutionary operations of the planets, mountains, 
plants, animals, and societies, are a part of the dynamics of 
Cosmography. The only prerequisite is persistent curiosity.” 
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Barnett, L., “The world we live in,’”’ Life (Dec. 8, 1952). 

Brown, H., ‘Meteorites, relative abundance and planet struc- 
ture,’ Sci. Monthly, 67, 338-89 (1948). 

Brown, H., “The composition of our universe,” Phys. Today, 
3, No. 4, 6 (April, 1950). 

Brown, H., “The origin of the planets,’’ Chem. Eng. News, 30, 
1622 (1952). 

Devtscu, A. J., “The abundance of the elements,” Sci. American, 
183, 14 (Oct., 1950). 

Gamow, G., “The evolution of the universe,’ Nature, 162, 680 
(1948). 

Gamow, G., “The origin and evolution of the universe,’’ Am. 
Scientist, 39, 393 (1951). 

Gamow, G., “Modern cosmology,” Sci. American, 190, 54 (Mar., 
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Hotes, A., “The age of the earth,” Endeavour (July, 1947). 

Hurtey, P. M., “Radioactivity and time,’’ Sci. American, 181, 
48 (Aug., 1949). 

Kaptan, J., “The earth’s atmosphere,” Am. Srientist, 41, 49 
(Jan., 1953). 

Latmer, W. M., “Prediction and speculation in chemistry,” 
Chem. Eng. News, 31, 3366 (1953). 

V. B., Canadian meteor crater,’’ Sci. American, 
184, 64 (May, 1951). 

Urey, H. C., “Abundance of the elements,”’ Phys. Rev., 88, 248 
(Oct. 15, 1952). 

Urey, H. C., “The origin of the earth,” Sci. American, 187, 53 
(Oct., 1952). 
The second speaker of the morning, Dr. Lloyd D. 


Matterson of the University of Connecticut, Storrs, 
Connecticut, has been checking his observations that 
aureomycin and other antibiotics, when mixed with 
food for animals, cause more than normal rates of 
growth. Most of the work has been done with chicks. 
Apparently these antibiotics are most effective when 
there is an actual bacterial invasion. 

The afternoon speaker was the Rev. J. W. Hackett, 
O.P., of Providence College, Providence, Rhode Island, 
who discussed “Inorganic analysis by paper chromatog- 
raphy.” His talk provided specifications for making 
successful chromatograms. These include size of the 
spot; size, shape and character of the paper; the sol- 
vents and eluants; the concentrations; and procedures 
and apparatus. Equipment for vertical, rectangular, 
and horizontal, circular chromatography was demon- 
strated. 

Between sessions there was a short business meeting 
conducted by NEACT President Dorothy W. Gifford, 
Lincoln School, Providence, Rhode Island. 

The Secretary welcomed the following new members 
into the NEACT and reported the paid membership 
to be 557. 


Edwin Betz, oo of Chemistry, — Teachers’ College, 
Keene, New Ham 

Beeae Valentine, F.X., , Science Teacher, St. Joseph Juniorate, 

y, Massachusetts. 

Mahlon Fr Hayden, Science Teacher, Bulkeley High School, 
Hartford, Connecticut. 

Richard G. ‘Inskeep, Assistant Professor of Chemistry, University 
of Vermont, Burlington, Vermont. 

Dr. Louise Kelley, Professor ? Chemistry, Goucher College, 
Towson, Baltimore, 

Carl G. Lauro, Chemistry eacher, Central High School, Provi- 
dence, Rhode Island. 

Louis A. Legory, Assistant Professor of Chemistry, Pennsylvania 
State University, State College, Pennsylvania. 

Janice C. Lewis, Head of Science Department, Hamden Hall 
Country Day School, Hamden, Connecticut. 


Pee) V. Romano, Teacher of Science, Springfield, Massa- 
chusetts 


= Mary Walter, Holy Trinity High School, Roxbury, Massa- 


Mrs. George Parks of the University of Rhode Island 
reported progress of her committee, which is working 
on a syllabus for prenursing students. Nursesin Rhode 
Island have shown interest in the project. 


16th SUMMER CONFERENCE 


The 16th Summer Conference will be held at the 
University of Massachusetts, Amherst, Massachusetts, 
from August 16 to 21. The chairman is Robert D. 
Eddy, Tufts College, Medford, Massachusetts, and 
the program is being planned under the chairmanship 
of Edward L. Haenisch, Wabash College, Crawfords- 
ville, Indiana. This year the workshop plan is being 
adopted more extensively than in former years. The 
usual sessions of speakers on scientific topics, moving 
pictures, demonstrations, and recreation will be held. 
The evening programs will be planned as family affairs, 
designed to further the interest of wives and children 
of members in scientific matters. Inquiries may be 
addressed to the chairman of the conference. 

A vote of thanks to the East Providence High School 
for its hospitality was taken with enthusiasm. 


LEALLYN B. Cuapp, Secretary 


ALBERT SANBORN Perkins. On March 3, 1954, the Association 
lost the last of its Charter Members. Albert S. Perkins, 92, 
retired head of the classical department at the Dorchester High 
School, died at his home at 70 Lyndhurst Street, Dorchester, 
Massachusetts. 

Mr. Perkins was one of the group of chemistry teachers who 
founded this Association in 1898 and after ten years of activity, 
during which he served on the Executive Committee, the College 
Entrance Committee, and the High School Course of Study Com- 
mittee, he was elected vice-president in 1903 and 1904 and 
President in 1905 and 1906. Then he ceased to be a chemistry 
teacher upon being chosen as the head of the classical department 
of the Dorchester High School, in which position he served until 
his retirement from teaching in 1931, after 45 years of service 
at that school. He was made an honorary member of the 
NEACT at the 33rd meeting, November 14, 1908. 

Mr. Perkins was a graduate of Phillips Exeter Academy and of 

Harvard College in the Class of 1884. He previously taught 
at Pennington, New Hampshire. 
Sera G. Word has been received from Gonoord, 
New Hampshire, of the death on March 13, 1954, of Seth G. 
Twichell, a member of the NEACT since 1921. Mr. Twichell 
had taught chemistry and physics at the Concord High School 
since 1924. Members who attended the recent meeting at St. 
Paul’s School will remember that he was present and greeted his 
old friends at that time. 

Mr. Twichell was a native of Fitchburg, Massachusetts, and 
was graduated from the Fitchburg Normal School in 1914 and 
from Colby College in 1920. He was a veteran of World War 
I. He taught at Plymouth Normal School, Plymouth, New 
Hampshire, for four years before beginning his work at Concord 
High School. In 1952 he was granted an honorary Master of 
Science degree from Colby College in recognition of his long and 
faithful service of thirty years as a college preparatory teacher. 
He was also a track coach at the high school. 


8S. Watrer Hoyt 
Chairman, Necrology Committee 
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Solution to Crossword Puzzle on Page 298 


To the Editor: 

Your editorial in the February issue was interesting, 
but I am afraid you put the cart before the horse. I 
have been teaching chemistry at the Thomas Jefferson 
High School for 28 years (after seven years of labora- 
tory and plant experience). I am now 57 years old 
and desperately trying to maintain a home and a son in 
college on the magnificent take-home pay of $385 a 
month. (Don’t let the book salary of $6500 mislead 
you.) And this is New York I am living in. Needless 
to say, I work on extra jobs, my wife works, and my son 
works. And still I have to give up my house and my 
subscription to the JouRNAL oF CHEMICAL EDUCATION 
(to which I have subscribed since 1926). In 1939 my 
take-home pay was $352 a month. 

I have in the past put some of my outstanding stu- 
dents into the field, but practically all of them are in 
industry. And their take-home pay comes to a good 


JOURNAL OF CHEMICAL EDUCATION 


deal more than mine. You say “the kind of young 
men...who will look beyond the dollar sign to find 
other compensations.” I am afraid they cannot look 
beyond, when they find the dollar sign and other com- 
pensations in industry. I disagree with your statement 
that comparisons are fruitless. I think that if people 
in your position and people in business insisted on and 
implemented efforts to give high-school teachers an 
economic level at least as high as people of their age and 
experience have in industry, other blessings would fol- 
low. 

Your last paragraph is interesting. The important 
part we play has already been acknowledged, profes- 
sionally and socially. We get pleas from foundations, 
colleges, and industries every single day to cooperate 
with them in putting boys and girls into industry. 
They come to us. All these people feel that we are 
uniquely equipped for our job. But the larger pay 
check is what we desperately need NOW. You say it 
may be longer in coming. That’s where your reason- 
ing is backward. It should be first. 

We all used to be proud of our work and standing. 
But our morale right now is at its lowest ebb. We 
cannot in conscience advise young men and women to 
go into teaching, because we cannot answer the un- 
answerable argument as to why these young men and 
women have to wait for a living, when they can get a 
living plus in industrial life. 

No amount of blah-blahing about other compensa- 
tions can sidestep this issue. You carefully approach 
the subject (we deserve more money, etc.) but shy off 
it as soon as you get near. When General Electric 
needs engineers badly, it pays them well. When the 
country needs more teachers it promises them other 
compensations. I would still like to be able to do other 
things besides sitting at home and looking at television. 
And don’t tell me I can go to a museum. 


Leon 
Brooktyn, NEw York 


To the Editor: 

I have read with great interest the report by Leonard 
A. Ford of State Teachers College, Mankato, Minne- 
sota, on “The science fair in southern Minnesota’’ (J. 
Cuem. Epvc., 31, 152 (1954)). This program is laudable 
and highly commendable and deserves all possible 
support. We here in California do the job on a grander 
scale and I can think of no enterprise among school 
kids more deserving of recognition. Last year I had 
the good fortune to judge the Science Fair at the Los 
Angeles County Museum and I was stirred by the ex- 
perience. The exhibitors were school kids from grades 
7 through 12. The more than 200 exhibits on display 
demonstrated facts and theories and phenomena 
throughout the gamut of science. The skill and in- 
genuity and imagination of these youngsters stirred 
me. The work was all their own; the ideas were their 
own; the imagination was their own. As a judge I 


welll 
comp 
savec 
in ou 
nie tl 
popu 
ise 
their 
mind 
bility 
struc 
provi 


ve sl 
a bit 
| these 
The: 
this 
the t 
An 
Letter dy QO 
| 
Litd., 
22:5 
tory 
| aesth 
; the st 
facts 
f thoug 
the 
i 
: 
: velop 
| 


‘TION 


young 
» find 
look 
com- 
ment 
eople 
n and 
rs an 
e and 
d fol- 


rtant 
rofes- 
tions, 
perate 
istry. 
are 
pay 
say it 
ason- 


ding. 

We 
en to 
2 un- 
1 and 
get a 


ensa- 
roach 
off 
sctric 
1 the 


JUNE, 1954 


was hard-put in making a decision. ALL the kids 
deserved prizes. 

Now there resides in all of this a point of view which 
we should consider. I would ask the question: how 
does this performance by the kids stand in the larger 
scheme of our way of life? I look at it this way: 

It is generally agreed that Hitler might have con- 
guered the world had he considered his scientific talent 
a bit more wisely. As it turned out he did surprisingly 
well by the efforts of those who labored under duress and 
compulsion. Many of his scientific people presumably 
saved their lives by adopting the Nazi ideology. Here 
in our land this action is unthinkable but it seems to 
me that we are neglecting an important segment of our 
population. These young kids who showed such prom- 
ise should be provided with special instruction and 
their imagination should be given freer rein. I am 
mindful that, democratic-wise, we have a responsi- 
bility to the many thousands who need the basic in- 
struction. This we provide quite nobly. Indeed, we 
provide it generously. But we do not, in my opinion, 
provide generously enough for the gifted. Every one of 
these youngsters who put his stuff on display is gifted. 
The mere fact that he had the spirit and the drive points 
this up. And this temper and imagination sets aside 
the thinker and the doer—Homo cogitans, Homa faber. 
And who knows but what among these stands another 
Faraday, another Pasteur, another Steinmetz. 

Finally I come to another reflection. This talent, 
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so nobly demonstrated by these kids, will prevail and 
produce in spite of our neglect. Energy like this is 
not easily put down. True enough, it would blossom 
sooner if nurtured and bear better fruit. But as long 
as it resides, even in only a small fragment of our 
total population, we need have no fear for the destiny 
of this land. 


Jutius SUMNER MILLER 
Ext Camino COLLEGE 
Ex Camino CALIFORNIA 


To the Editor: 


I was interested to read the mention of Professor 
Porter Miller’s communication in the last December 
issue of To1s JouRNAL that in the perchromic acid test 
for hydrogen peroxide, ethyl acetate can be substituted 
for ether or amy] alcohol to extract the blue compound. 

I have found that ethyl acetate can be similarly used 
in the place of the other solvents to extract the blue 
complex formed when a solution of cobalt is treated 
with saturated ammonium thiocyanate. 

The test can be further simplified by adding a drop of 
the cobalt solution to a small heap of potassium or 
ammonium thiocyanate crystals kept on a white por- 
celain tile when the entire mass becomes deep blue. 


SANKARANARAYANA GIREESAN 
Loyoia COLLEGE 
Maopras, Souts InpIA 


a THE CHEMICAL REVOLUTION: A 
CONTRIBUTION TO SOCIAL TECHNOLOGY 


Archibald Clow and Nan L. Clow. The Batchworth Press, 
Ltd., London, 1952. xvi + 680 pp. 110 photos, 16 figs. 14.5 
22.5cm. $10. 


In ovr efforts to increase—or create?—an interest in the his- 
tory of our science we should use, among other factors, the 
aesthetic and dramatic values which it contains. Too frequently 
the student is repelled by a grim assembly of names and dates, of 
facts and failures. We should show, instead, the beauty of new 
thoughts arising out of old ones or out of an apparently free 
human invention, the graceful grasp of accidental observation, 
the careful construction of new apparatus, and skillful experimen- 
tation. We should not hide the wonder of achievement which 
relieves economical or biological pains and prepares future de- 
velopments. 


These thoughts came to mind during a reading of the book by 
Archibald and Nan Clow, and it may be that the authors too had 
them in mind when writing their book. Perhaps this was their 
reason for using the title ‘“The Chemical Revolution’’ for a de- 
tailed presentation of chemico-industrial developments in Scot- 
land from about 1750 to 1830. The subtitle ‘““A Contribution to 
Social Technology’’ indicates that their objective comprises 
more than the changes in scientific chemistry. “It is with the 
influence of chemistry on social conditions during this phase 
that we are in the main concerned’”’ (page xiv). The authors 
point out their particular indebtedness to J. U. Nef’s ‘“‘The Rise 
of the British Coal Industry’’ (London, 1932) and to Lewis Mum- 
ford’s work and terminology. Manuscripts and printed docu- 
ments used in this study are listed together with regional periodi- 
cals and general books in an impressive bibliography of 29 pages. 
The scope of the work is illustrated by some of the unusual items 
contained in the Chemical Chronology (pp. 623-32). Unusual 
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are also some of the titles of the 25 chapters. Before frowning at 
a chapter heading like The Philosophy of Colour it should be re- 
membered that, for example, Andrew Ure entitled one of his 
technological books ‘‘The Philosophy of Manufactures’’ (London, 
1835). Chapter 22 is called Saccharopolis, and this is not so un- 
fitting as it seems, because in addition to the technology of sugar 
refining it contains the story of its social implications. 

These implications are kept in the foreground throughout 
the book. Its restriction to one geographical and political region 
is put to advantage in demonstrating the influence of political 
trade restrictions, of location for manufacturing plants, and of 
capitalization. The ‘Timber famine’’ (page 7) in Scotland and 
the development of coal as a fuel for the growing industries ap- 
pear in stark relief. The importance of such simple chemicals as 
salt or lime is shown in lively detail. The extent to which chem- 
ical manufacture changed the economic conditions is brought out. 
“So extensive was the area devoted to bleachfields that, with the 
introduction of chemical bleaching materials . . . the release of 
land for agricultural purposes was heralded as one of the great 
benefits conferred by chemistry upon the community’ (page 
172). Aluminum acetate was “a newly discovered chymical 
preparation which answers a real substitute in Dyeing and 
Printing’ for lead acetate, wrote Charles Macintosh in 1793 
(page 248). 

These few examples may serve to indicate that this book con- 
tains a wealth of interesting material in its apparently narrow 
limits of the time and the place with which it deals. The authors 
apologize (page xii) for some of the technical detail which ‘the 
scientific practitioner’? may find unnecessary; and in fact, some 
of the chemical explanations, particularly in the chapter on fer- 
mentation, are quite elementary. However, such explanations 
may be helpful to nonchemists, who are included in those who 
should be interested in the many persons and materials discussed 
in this book. 

The large number of illustrations enhances the value of the 
book considerably. The authors deserve special thanks for the 
careful and certainly very time-consuming work in collecting 
these visual aids to their well documented text. 


EDUARD FARBER 
Wasuineron, D.C. 


e ORGANIC CHEMISTRY 


P. B. Sarkar, Director of Technical Research, Indian Central 
Jute Committee, and P. C. Rakshit, Professor and Head of the 
Department of Chemistry, Presidency College, Calcutta. Seventh 
edition. H. Chatterjee & Co., Ltd., Calcutta, 1953. vi + 598 pp. 
14 X 19.5cm. 8 Rupees ($1.69). 


Tuis is the seventh revised and enlarged edition of a substan- 
tial organic text. Besides revising the whole manuscript, the 
authors have made extensive additions and alterations based on 
the suggestions of numerous professors from different parts of 
India. The authors express the hope that their work will serve 
to stimulate the children of Free India to employ her natural 
wealth for the advantage, comfort, and benefit of the common 
man and to increase the national income. 

The material in this book is logically and traditionally divided 
into 46 major topics included in as many distinct chapters. Ali- 
phatic compounds in general are isolated from the aromatics, as 
well as heterocyclic, and other miscellaneous organic compounds. 
The treatment of a very large number of topics and compounds is 
thorough and detailed, and even monotonous and tedious at 
times in terms of American standards. Detailed directions, usu- 
ally in small type, are included for the preparation of dozens 
of distinctly different and representative compounds. This 
volume contains a vast amount of detailed information regarding 
the preparation, physical and chemical properties, uses, structure, 
reactions, etc., of perhaps too many organic compounds. The 
treatment assumes almost encyclopedic form at times, rather than 
@ progressive and continuous development of broad organic prin- 
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ciples, reactions, logic, and tendencies. It appears to the re- 
viewer that this volume has been patterned after other prominent 
English texts such as the well known and popular Perkin and 
Kipping’s “Organic Chemistry,” and Bernthsen and Sudbor- 
ough’s “Textbook of Organic Chemistry.’’ The text abounds in 
many obsolete terms such as “‘c. c.,’’ “lacs,” “carbinol,’’ and 
“alcoholates.”’ 

However, in defense of this volume it should be stated that it 
contains a wise and extensive selection of good basic organic ma- 
terial. Any student who conscientiously studies and compre- 
hends the material included will be well grounded in organic 
chemistry. It is doubtful if this book will ever find extensive use 
in this country as a required text, but it undoubtedly will admir- 
ably meet the Indian requirements. 

The quality of the paper and binding does not meet our usual 
standards, but likewise neither does the price. Where else can 
you purchase a comprehensive organic text and laboratory 
manual for $1.69? 


RALPH E. DUNBAR 
Norts Dakota State 
Fareo, Norta Daxkota 


ASTROLOGY AND ALCHEMY: TWO FOSSIL 
SCIENCES 


Mark Graubard, University of Minnesota. The Philosophical 
Library, New York, 1953. xi + 382 pp. LIIustrated. 15.5 x 
23.5cm. $5. 


“Tuts book . . . aims at presenting to the beginning student in 
the history of science a bird’s eye view of two dead sciences, 
seldom considered in detail in one’s normal course of studies. It 
merely collates authoritative researches on many phases of these 
sciences, and cites easily accessible works for the sake of present- 
ing a unifying interpretation ....’’ These are noble aims, but it 
must be said that they have been pursued in the same dull, 
cliché-laden prose as the quotation. The trend of the narrative 
is lost in details and the citations are buried so well in the body of 
the text (there is no terminal bibliography) that as a collation of 
references the book fails its purpose. This is the sort of work 
calculated to discourage beginning students of the history of 
science and to bore all but the most devoted specialists, who will 
be offended by the dull style and such expressions as “Although 
the onrush of Christianity definitely put all science in the dog- 
house...” (page 81). This book is either a collection of un- 
edited lecture notes or a first draft that should have been returned 
to the author for pruning and tightening up. This is unfortu- 
nate, as there is material here for an exciting and interesting book. 


JOEL W. HEDGPETH 
Scripps INsTiTUTION 
La CALIFORNIA 


® CHROMATOGRAPHIC METHODS OF 
INORGANIC ANALYSIS 


F. H. Pollard, Senior Lecturer in Inorganic Chemistry, and J. F. 
W. McOmie, Lecturer in Organic Chemistry, The University of 
Bristol, England. Academic Press, Inc., New York, 1953. viii + 
192 pp. 4 plates, 26 figs. 13 tables. 13.5 X 22 cm. $5.50. 


Paper chromatography, because of its simplicity and con- 
venience, is rapidly establishing itself as a means whereby the 
basic concepts of chromatography can be introduced to the re- 
search worker as well as to the student. 

“Chromatographic Methods of Inorganic Analysis, with 
Special Reference to Paper Chromatography,’’ by Drs. Pollard 
and McOmie, is a definite contribution to development of new 
analytical procedures in analytical and inorganic chemistry. 
This book is based on the extensive studies, experiences, re- 
searches, and publications of the authors and others in the field 
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of inorganic analysis by means of filter paper and cellulose 
powder chromatography. 

The ten chapters of this monograph have been written from 
a practical point of view. The various procedures and apparatus 
used are presented in sufficient detail to enable the worker to 
carry out qualitative and quantitative analyses. Only a brief, 
nonmathematical account of the fundamental theories, principles, 
and factors as they are applicable to inorganic chromatography 
is given. 

A complaint of the uninitiated is that not enough information 
appears in publications to enable them to duplicate the experi- 
ments. The authors rectify this in three clearly written chapters, 
Techniques for Preparing Chromatograms, Location and Identifi- 
cation of Zones, and Choice of Solvent and Separation of Cat- 
ions. The four decisions that confront the worker before start- 
ing his chromatogram are fully discussed. These are: (1) the 
type of paper or cellulose powder to be used, (2) the kind of ap- 
paratus to be employed, (3) whether one or two dimensional 
chromatograms or a cellulose column is to be used, (4) the solvent 
mixture to be used as the mobile phase. 

The authors have also succeeded in relieving one of the biggest 
headaches in chromatography, namely, the location and the 
identification. of zones of the separated ions. They have pre- 
sented in a lucid and concise manner many inorganic and organic 
reagents which can be used as distinguishing tests of varying 
sensitivity for the majority of the cations. These chromogenic 
reagents are classified as (1) general reagents for the location 
of many cations, and (2) special reagents which may be specific 
for one cation, or possibly a small group. 

In addition to the chapter on solvents, extensive tables are 
compiled in an appendix, listing some 110 solvent mixtures, the 
ions separated, Rf values, comments, and references. 

It has been stated that “‘in spite of extensive investigations, 
chromatography has not provided a systematic analytical pro- 
cedure for mixtures of many different inorganic substances. 
Multicomponent mixtures are commonly resolved into groups 
by conventional chemical methods, and these groups are then 
resolved by chromatography based upon adsorption, partition, 
or ion exchange.’ To answer this challenge, the authors submit 
two new schemes for qualitative analysis based solely upon paper 
chromatography without any previous separation by ordinary 
chemical methods. Detailed procedures for the separation and 
identification of 30 cations by these schemes are given. An ap- 
pendix at the end of this chapter gives a list of analytical rea- 
gents used. 

The principles for the resolution and the identification of 
anions are not as clearly known as those for the cations. A 
systematic scheme of analysis for anions is needed to complete 
the picture of inorganic chromatography. A limited scheme of 
analysis for about 28 anions devised along the lines suggested 
by M. Lederer is presented. Also extensive details are given for 
the quantitative investigation of condensed phosphates accord- 
ing to the researches of Dr. A. E. R. Westman. 

Typical examples are given to illustrate how chromatography, 
in conjunction with colorimetry, polarography, or microtitra- 
tion, can be used for the quantitative estimation of microgram 
amounts of cations separated from inorganic mixtures. Some 
of these methods are now standard operational assay procedures. 

The authors state, and prove their contention by giving ex- 
amples and references, “that sometimes it is advantageous to 
combine the use of cellulose with that of other supports.’’ This 
is the reason for their chapter on Chromatography Using Other 
Media Than Cellulose. The book closes with a chapter on the 
current research favorite, electrochromatography, especially 
as @ means for the continuous separation of materials and as an 
analytical tool. Techniques, typical apparatus, etc., are given 
in detail. 

The material in “Chromatographic Methods of Inorganic 
Analysis’’ is well organized, clearly written, and replete with many 
illustrative examples. The printing, paper, binding, and typog- 
raphy are excellent. (A minor error resulting from a trans- 
position of letters, which is easily recognized, is found in the iden- 
tification of the chromatograms of the colored plate of the frontis- 


piece.) The format is such that the reader can, without any diffi- 
culty, look up any particular point- with which he may be con- 
cerned at the time. The inclusion of an appendix at the end of 
the chapters on the Choice of Solvent and Separation of Cations 
and the Analysis of Unknown Mixtures of Cations keeps the main 
presentation unencumbered and at the same time makes available 
to the reader additional information pertinent to these phases. 

This book is recommended by the reviewer not only to the 
beginner but also to the industrial chemist and the researcher 
who may be interested in using this important research and 
analytical tool. 

JOHN G. SURAK 


Marquette UNIVERSITY 
MILWAUKEE, WIscoNnsIN 


8 A MANUAL FOR THE ORGANIC CHEMISTRY 
LABORATORY 


Leigh C. Anderson and the late Werner E. Bachmann, Pro- 
fessors of Chemistry, University of Michigan. John Wiley & 
Sons, Inc., New York, 1953. xvi + 164 pp. 22 X 27.5 cm. 
$2.75. 


First, it is this reviewer’s rare privilege to testify the worth of 
this book from his experience as a student who used it in his first 
course in organic chemistry. Then, in 1940, it was an earlier 
edition published by Edwards Brothers, Ann Arbor, Michigan. 
This reviewer remembers it as a very satisfactory lab manual; 
indeed, it was one of the factors which shaped his interest in a 
career in organic chemistry. 

In his present capacity as a teacher, he still feels it is a good 
book. It is a traditional type of manual, almost entirely con- 
cerned with preparative experiments and dealing with aliphatic 
chemistry at length before any aromatic compounds are prepared. 
It may be noted, though, that instead of the frequently encoun- 
tered introductory section on principles of laboratory manipula- 
tions, one finds the chemistry (physical and organic) underlying 
each experiment discussed at length immediately following the 
experimental directions. The aim is to avoid burdening the mind 
of the student with principles of general operations until there is 


‘actual need to use them. It is also noteworthy that an experi- 


ment on the preparation of triphenylmethylperoxide is included, 
very appropriately, considering the origin of the book. 


JOSEPH F. BUNNETT 
Unrversity oF NortH CAROLINA 
Cuapet Hitt, Norra 


® CHEMISTRY FOR OUR TIMES 


Elbert C. Weaver, Phillips Academy, Andover, Massachusetts, 
and Laurence S. Foster, Chief of the Technical Information 
Section, Watertown Arsenal Laboratory, Watertown, Massachu- 
setts. Second edition. McGraw-Hill Book Co., Inc., New York, 
1954. 666 pp. Illustrated. 66 tables. 17 X 24cm. $4.12. 


Tuis is the second edition of a popular science text by two out- 
standing leaders in science education in our country. When the 
first edition appeared shortly after World War II, it brought a 
new directive, namely, that ‘an atomic age requires a new ap- 
proach to chemistry.’’ This new edition closes on a challenging 
new note: New Directions in Chemistry. However, the ma- 
terial is disappointing. Why did the authors place after the 
chapter on nucleonics, the chapter called The Noble Metals? 
Unit VII is entitled The Metals and includes the heavy metals, 
the light metals, why not the noble metals? The addition of a 
chapter on nucleonics and the new elements made by synthetic 
methods gives the finishing touch that a chemistry book for our 
times needs. 

The authors have done a good job of text revision, but the 
reviewer would still like to see the Great Classification with the 
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halogens, and not an isolated unit in the Chemical Industries 
unit, and Chemical Calculations in Chemistry’s Business Office 
(Unit III) with Balanced Accounts and equations, and not with 
the dispersions of matter. 

One hundred thirty-four chemistry students awaited the com- 
ing of this new edition to the reviewer’s desk, for they were using 
the older edition. They liked its red and silver cover and the 
colorful illustrations. They were eager to test the glossary, for 
definitions get them in serious trouble when they do not define; 
for example, ‘‘concentrated, the opposite of dilute’’; ‘‘suspension, 
a finely divided state of matter distributed through another state 
of matter.”’ They were pleased to see more paragraph headings, 
for topical subdivisions are a great aid as guides to study. The 
authors conclude each chapter with unusually good exer- 
cises to test the capacity of students. Teachers will welcome 
these questions. In writing this text, the authors make it clear 
that chemistry means more than a dread of powerful explosives 
and atomic bombs. The study of chemistry gives a fund of in- 
formation that is useful for our times. 


GRETA OPPE 
ScxHoou 
GALVESTON, TEXAS 
INORGANIC THERMOGRAVIMETRIC ANALYSIS 


Clément Duval, Sorbonne, Paris. Elsevier Press, Inc., Houston, 
Texas, 1953. xv + 53l pp. 152 figs. 23 X 15.5 cm. 


Tue book on “Inorganic Thermogravimetric Analysis’? should 
be in every chemistry library. With characteristic enthusiasm, 
Professor Duval has undertaken the study of various precipi- 
tates used in the gravimetric determination of various anions and 
cations. By means of the automatic thermobalance of Cheve- 
nard, he has determined the behavior during drying and ignition 
of all compounds ordinarily encountered in gravimetric analysis. 
Duval and his associates studied 967 precipitates and the present 
book records the pyrolysis curves between the temperatures of 
twenty degrees and one thousand degrees Centigrade for sub- 
stances that are of analytical interest. The graphical presenta- 
tion of data, together with the commentary concerning the re- 


actions involved during the pyrolysis of the precipitates, makes © 


the book of great value to the analyst faced with the determina- 
tion of various materials by gravimetric procedures. 

It is quite possible that the new technique of automatic thermo- 
gravimetric analysis, introduced by Professor Duval, will ulti- 
mately prove to be of more value than the data at present made 
available by means of this book. The proposed automatic 
procedures would undoubtedly be time-saving. They are of 
special interest because the data are permanently recorded and 
as such are available for subsequent checking and for use in cases 
of litigation. 

PHILIP W. WEST 

Louisiana Srareé UNIVERSITY 

Baton Rovep, Louisiana 


& REPORTS ON THE PROGRESS OF APPLIED 
CHEMISTRY. VOLUME 37 


Edited for the Society of Chemical Industry, London _Inter- 
science Publishers, Inc., New York, 1952. 983 pp. 15 XK 22cm. 


Tables. $6.50. 


Proeress in the chemical industries is recorded annually by 
the Society of Chemical Industry in its Annual Report. The 
1952 report has been made by 100 contributors, all experts in 
their fields. 

Each volume is divided into a number of sections, as: chemical 
engineering and water; fuel and fuel products; food and agri- 
organic chemistry; 


culture; inorganic chemistry; biological 
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products; and textiles, plastics, adhesives, and paints. Each 
section is subdivided into a number of chapters, which are, for 
inorganic chemistry: iron and steel; nonferrous metals, physical 
metallurgy; nonferrous metals, extraction and refining; corro- 
sion of metals; electrochemical and electrometallurgical indus- 
tries; acids, alkalies, and salts; ceramics and refractories; glass; 
industrial gases; and road and building materials. Other sec- 
tions are divided in an equally comprehensive manner. In the 
first section the grouping of fluid flow, heat transfer and unit 
operations; materials of construction, measurement and control: 
sewage, river pollution and trade wastes; and water treatment 
bring together a rather incongruous group of topics. 

Individual chapters by experts in the field are based on a 
survey of the international literature in the field rather than on 
only British work. Both journal publications and patents are 
cited. The discussion usually is limited to an outline of the 
process claimed without a critical evaluation of the process. The 
references are extensive and these annual reports represent one of 
the first sources to which a searcher should turn in making a 
survey of a field of work. 

Both an author and subject index are given with detailed en- 
tries. The book is nicely done and in these times it is encourag- 
ing to see such an extensive volume selling for $6.50. 


KENNETH A. KOBE 
UNIveRSITY oF Texas 
Austin, Texas 


@ °' PHYSICAL CHEMISTRY FOR STUDENTS OF 
BIOLOGY AND MEDICINE 


David Ingersoll Hitchcock, Associate Professor of Physiology, 
Yale University School of Medicine. Fourth edition. Little, 
Brown and Co., Boston, 1953. 266 pp. 31 figs. 15 X 22 cm. 
$5. 


THE first edition of this book was reviewed in THIS JOURNAL by 
Dr. Martin Kilpatrick in 1933, and the second and third by Dr. 
Ross Aiken Gortner in 1935 and 1940. This reviewer agrees 
with the generally favorable tone of the earlier reviews, but shares 
the hesitation which these reviewers have felt as to the wisdom 
of compressing the material as much as has been done. 

The preface to the present edition refers to the book as a “text, 
written for use in a short course,”’ but does not say where the 
course is to be given. The book would seem to be too abbreviated 
even for a one-semester course such as is often given in liberal 
arts colleges, but would be useful for individual study by a stu- 
dent in medical school or a student in one of the biological sciences, 
if he had not taken a physical chemistry course in college or if he 
wished to refresh his memory about such a course. It would also 
be suitable for a brief course in medical school for students who 
felt a gap in their earlier education in this area. 

The fourth edition is not greatly different from the third. A 
helpful section on ‘The language of calculus’’ has been added to 
the introductory chapter. The section on “Acids and bases” 
has been rewritten to bring it more nearly up to date and now 
precedes the discussion of weak electrolytes, which in turn has 
been revised to make use of the newer concepts. Brief descrip- 
tions have been added on experimental methods of measuring 
conductance and electromotive force. Directions for laboratory 
experiments at the end of the book have been largely rewritten, 
some of the experiments have been changed altogether, and their 
number has been reduced from twenty, in the third edition, to 
fourteen. 

The review of the second edition praised especially highly the 
“biographical footnotes,’”’ which added color and interest to the 
book. Deletion of these in the present edition—a regrettable 
economy—makes one wonder if authors pay any attention to 
reviews. 


WILLIAM E. CADBURY, JR. 
HaverForpD CoLLEeGE 
HAvERFORD, PENNSYLVANIA 


diseu 


Nelse 
South 
280 py 
THI 
and m 
inclus 
tradit 
school 
be on 
aj in mo 
to gre 
Scr 
Editec 
York, 
volun 
ties o 
whick 
the la 
these 
the g 
elucic 
from 
ics. 
Th 
adval 
chem 
tion 
sent 
revie’ 
from 
plovs 
teins. 
the v 
the 
In 
In Co 
mole 
modi 
F. 
activ 
19) 
two | 
ter 1 
rate 
read 
work 
auth 
: the e 


JUNE, 1954 
* GERMAN READINGS IN SCIENCE FOR INTERMEDI- 
ATE STUDENTS 


Nelson van de Luyster, The Citadel, The Military College of 
South Carolina. American Book Co., New York, 1953. viii + 
280 pp. 19.5cm. $2.85. 


Tuis should be especially useful to students of physical sciences 
and medicine, as most of the excerpts are taken from competent 
popularizations in these fields. A particularly useful device is the 
inclusion of the article with nouns in the glossary instead of the 
traditional designation of gender. The subject matter is high- 
school or junior-college level material, although the German may 
be on the second- or third-year level as the language is presented 
in most of our schools. The first third of this book is given over 
to grammar review. 


JOEL W. HEDGPETH 
Scripps InsTITUTION 
La CALIFORNIA 


€ THE PROTEINS: CHEMISTRY, BIOLOGICAL 
ACTIVITY AND METHODS. VOLUME I, PART B 


Edited by Hans Neurath, Department of Biochemistry, Univer- 
sity of Washington, and Kenneth Bailey, Department of Bio- 
chemistry, University of Cambridge. Academic Press, Inc., New 
York, 1953. vii + 566 pp. 51 figs. 16 X 24cm. $13. 


TuE present book completes Volume I of the projected two- 
volume treatise on the chemical, physical, and biological proper- 
ties of the proteins. This part follows the pattern set in Part A, 
which was recently reviewed in THIS JOURNAL, and consists of 
the last five of the eleven chapters that make up Volume I. In 
these eleven chapters one will find a comprehensive account of 
the general properties of proteins, particularly as they have been 
elucidated by application of many new and diverse research tools 
from the fields of chemistry, physics, biochemistry, and biophys- 
1¢8, 

This is not a book for the casual reader. However, for the 
advanced student and research worker in the field of protein 
chemistry it can hardly fail to be a continual source of informa- 
tion and stimulation. The authors have not hesitated to pre- 
sent the highly technical parts of the experimental work being 
reviewed or to discuss in detail controversial issues that arise 
from the different experimental approaches that have been em- 
ployed in studying the physical and chemical properties of pro- 
teins. As evidenced from references to papers as .ate as 1953, 
the writers have brought their subjects up to date and present 
the current thinking in light of the latest research. 

In Chapter 7 (the first chapter in Part B), J. T. Edsall discusses 
in considerable detail the size, shape, and hydration of protein 
molecules. This is followed by a chapter on protein interactions 
by I. M. Klotz. Protein denaturation, Chapter 9, and the chemical 
modification of proteins, Chapter 10, are topics contributed by 
F. W. Putnam. In the last chapter of the book, R. R. Porter 
discusses the relation of chemical structure to the biological 
activity of the proteins. ; 

Many interesting discussions appear in these chapters, as, for 
example, the changes in proteins during denaturation (Chapter 
19) or the effect on sedimentation rate in solutions containing 
two proteins, one of which sediments faster than the other (Chap- 
ter 1). In a short review, such as this, it is impossible to elabo- 
rate on the many things which will claim the attention of the 
reader. Suffice it to say that there are few features of the modern 
work on protein structure that have not received attention. 

Extensive literature references are given as footnotes. An 
author and subject index for both Part A and Part B appears at 
the end of the volume. 


F. A. GAJORI 
UnNtIversiTy oF Cotorapo ScHoo. oF MEDICINE 
DeEnvER. COLORADO 


MODERN ELECTROPLATING 


Edited by Allen G. Gray, Technical Editor, Stee] Magazine. 
John Wiley & Sons, Inc., New York, 1953. xii + 563 pp. 62 
figs. 16 X 23.5cm. $8.50. 


Since the Electrochemical Society discontinued its Transac- 
tions and started its Journal, there has been no grouping of the 
many excellent papers given at the various symposia of the 
society. ‘Modern Electroplating” began as such a symposium 
in October, 1941, appeared in the Transactions and, because of 
its importance, was later published separately under this title. 
A decade later the progress in the field of electrodeposition made 
necessary a book entirely rewritten and expanded. 

The new book covers essentially the entire field of electrodep- 
osition practice. There are 19 chapters, some of which are 
divided into subsections on dissimilar plating baths for the same 
metal (as copper, tin, and zinc). These have been contributed 
by 39 authors, each of whom is well known in electroplating for 
his contributions to his particular field. A comparison of chap- 
ters in the present book with the earlier book shows that many of 
the original authors have rewritten their original chapters. New 
chapters were added on methods of control, indium, uncommon 
metals, plating on aluminum and magnesium, and subsections 
on tin by immersion and tin alloys. 

The new chapter on uncommon metals discusses briefly all 
metals not discussed elsewhere. It is essentially a literature 
review of what has been done on metals from actinium to zir- 
conium. Some of the recent work done at the National Bureau 
of Standards and other work sponsored by the A. E. C. appears 
to be overlooked. 

Such faults are minor in comparison to the large amount of 
authoritative information given in the chapters on large produc- 
tion metals, as copper, chromium, nickel, cadmium, and zinc. 

This book is an important addition to the general field of 
electrochemistry and will serve as the source of basic practice 
in electroplating. All chemists and engineers working in elec- 
troplating will want a copy of this book. 


KENNETH A. KOBE 
UNIVERSITY OF TEXAS 
Austin, Texas 


e FOURTH SYMPOSIUM (INTERNATIONAL) ON 
COMBUSTION (COMBUSTION AND 
DETONATION WAVES) 


The Standing Committee on Combustion Symposia, Bernard 
Lewis, Chairman. The Williams & Wilkins Co., Baltimore, 1953. 
xx + 926 pp. Many figs. and tables. 17.5 X 26cm. $7. 


Tuis book is a collection of the 112 papers which were pre- 
sented at the Fourth Combustion Symposium held at the Massa- 
chusetts Institute of Technology last September. Even though 
the Committee had wisely limited the field of work to be covered, 
the symposium showed a great increase over the previous one 
held in 1948. The contributions from abroad also increased 
markedly; 50 of the papers are by authors from foreign countries. 
This greater participation by other countries only partly accounts 
for the attendance which doubled that of the 1948 meeting. The 
bulk of the growth is undoubtedly due to an expansion of interest 
and work in the field of combustion. 

The physical phenomena associated with combustion and, in 
particular, wave formation and propagation have been empha- 
sized in the selection of papers. Almost half of the papers deal 
with studies of laminar combustion and detonation waves. A 
number of new experimental techniques are described and many 
excellent theoretical presentations are included. The other 
general subjects which are covered are: Flammability; Ignition, 
Cellular Flames and Oscillatory Combustion; Turbulent Flames; 
Quenching, Flash-back, and Blow-off; Stabilization by Flame 
Holders; Flames of Fuel Jets; Burning of Fuel Droplets; and 
Combustion in Rockets and Engines. 
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Of particular interest to students and an excellent feature of 
this symposium are the nine review papers on the same general 
subjects. These constitute an excellent introduction to these sub- 
jects as well as a fine survey for workers in the field. They have 
been excellently prepared by outstanding authorities in the field. 
As may be expected, this is the part of the book—together with 
some of the papers on experimental techniques—which will be 
of value to college seniors. Much of what is covered here is for 
graduate students and research workers. This is, however, a 
book which college libraries will want to have on their reference 
shelf. 


PAUL M. FYE 
NAvAL ORDNANCE LABORATORY 
Sriver Spring, MARYLAND 


€ METHODEN DER ORGANISCHEN CHEMIE. 
VOLUME II 


Edited by Eugen Miiller, Tubigen. 
Stuttgart, Germany, 1953. xxiv + 1070 pp. 
DM 139. 


Tue attitude of the Creator toward certain operations in ana- 
lytical chemistry is revealed in Proverbs: ‘A false balance is an 
abomination to the Lord: but a just weight is his delight.” Pro- 
fessors of the subject and Directors of Chemical Research are 
somewhat more verbose; the authors of this volume require some 
984 quarto pages to disclose their feelings on analytical proce- 
dures.. The immediate inciting circumstance may be the im- 
plied threat in Deuteronomy: “But thow shalt have a perfect 
and just weight, a perfect and just measure shalt thou have: that 
thy days may be lengthened. . .”’ This is good advice for anyone 
contemplating something more than a short career in science. 
The authors of this volume attempt to provide an exhaustive 
collection of the procedures and knowledge relating to the ana- 
lytical techniques of organic chemistry. Careful study of this 
material should comfort the mind in the thought that thy days 
should be lengthened. 

The first 30 pages of this volume are devoted to the descrip- 
tion of the qualitative tests for elements encountered in organic 
substances. The next 214 pages contain a survey of quanti- 
tative: procedures employed in the determination of these ele- 
ments. The micro, semimicro, and macro methods are carefully 
described with due attention to all variations or alternative tech- 
niques. Part I of this volume concludes with an excellent sum- 
mary of the analytical determinations of some 40 to 50 functional 
groups and certain atomic arrangements such as the C-methyl 
and isopropylidene radicals. The organization of the informa- 
tion under each functional group is first, and a general descrip- 
tion of reactions useful for the qualitative recognition of the radi- 
cal is next, followed by procedures for the quantitative determi- 
nation. Each of the qualitative and quantitative subdivisions 
starts with a convenient résumé of the necessary reagents. This 
section of some 460 pages is very well done; it was prepared by 
H. Roth of the Badische Anilin und Sodafabrik with 15 collab- 
orators who for the most part are associated with the German 
dye industries. It will instruct the feeble and reveal to the 
curious the current analytical methods of the Badische, Bayer, 
and Hoechst laboratories. 

Part II, Section 1, Gas Analysis (68 pages), describes not only 
the conventional chemical methods of analysis but includes short 
summaries on physical methods such as fractional distillation, 
adsorption, thermal properties, magnetic characteristics, ultra- 
violet, visible and infrared techniques, and the use of the mass 
spectroscope. The last 30 pages outline specific quantitative 
methods for the industrially important gases. Section 2 recounts 
the procedures for the determination of the melting and boiling 
temperatures (39 pages). Section 3 is a rather good summary of 
the theory interpretation, and techniques of thermal analysis 
(34 pages). Section 4 is a condensed summary of chromato- 


George Thieme Verlag, 
17.5 X 26.5 cm. 
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graphic analysis (38 pages). It deals with the principles of the 
method, apparatus, and reagents. Many specific examples, 
especially of natural products, are described. The last 67 pages 
recapitulate the techniques for the examination of solvents 
and solvent mixtures. 

This volume is an excellent summary of the procedures used 
in the quantitative analysis of organic compounds. The topics 
are selected with taste, presented in a scholarly manner, and well! 
documented up to 1952. Volume II of Houben-Weyl’s ‘‘Meth- 
oden der organischen Chemie, analytische Methoden,” is a 
contribution to organic literature that is not only significant but 
outstanding. 


GEORGE HOLMES RICHTER 
Tue Rice InstiruTe 
Hovston, Texas 


@ CHEMISCHES RECHNEN FUR LABORANTEN 


Wernhard Huber, Lehrer an der Allgemeinen Gewerbeschule, 
Basel, Switzerland. Verlag Helbig und Lichtenhahn, Basel, 1953. 
8lpp. 15 X 2lcm. 4.70 Schw. Fr. (about $1.10). 


THE two major sections of the book (Part I, General Problems, 
and Part II, Stoichiometry) are subdivided as follows: Part I 
contains six chapters, viz., Introduction, Specific Gravity (Drei- 
satzrechnungen) “Three Weight’’ Calculations, or, as commonly 
regarded, weight to weight calculations, Percentage Calculations, 
and Special Problems for “Weight to Weight’’ and Percentage 
Calculations. Part II includes five chapters: Chemical Formu- 
las, Mole Volumes, Normal Solutions, Chemical Equations, and 
Volumetric Analysis. 

There are 62 examples for which solutions and answers are 
included and 369 problems of varying degree of difficulty indi- 
cated by asterisks, *, **, ***. An important and perhaps unique 
feature of the book is the special consideration of calculations in- 
volved in organic preparations. 

This little book will be of twofold value to the undergraduate 
major student who wishes to acquire facility in scientific German 
and in chemical calculations. 


ARNOLD J. CURRIER 
Tue PennsyLvAniA STATE UNIVERSITY 
PENNSYLVANIA 


® METALLURGICAL DICTIONARY 


J. G. Henderson, Consulting Mechanical and Materials Engineer, 
assisted by J. M. Bates, University of Illinois. Reinhold Pub- 
lishing Corp., 1953. xi + 396 pp. 16 X 23.5cm. $8.50. 


AN ALPHABETICALLY arranged dictionary of words and terms 
used in the metals industries. In general, the definitions are 
quite comprehensive and give adequate description of the ma- 
terial or process. The book covers terms from “abating’’ to 
“Zyglo.” 


OF OILS AND FATS FOR EDIBLE PUR- 
PO 

A. J. C. Andersen. Academic Press, Inc., New York, 1953. 

vii + 204 pp. 95 figs. 10 tables. 16 X 24.5 cm. $7. 


Tuts book on the refining of vegetable oils and fats for edible 
and industrial uses comprises chapters on the removal of fat- 
insoluble impurities, removal of fat-soluble impurities, bleaching 
and decoloration, and deodorization. Brief chapters discuss 
process control and complete refinery plants and give statistical 
information. The book is well illustrated. Both British and 
American practices and equipment are discussed. 
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ew Potassium Laboratory Arc 


The Potassium Laboratory Arc furnishes 
monochromatic radiation of potassium 
or Polarimetry, Interferometry, Refrac- 
onetry, and Spectrometry. It is suit- 
ably for general work in chemical and 
physical laboratories. Strong red line 
adiation can be obtained with approxi- 
mately 97% of energy radiated in the 
egion of 7699 to 7765 Angstrom units. 

ther line radiations can easily be re- 
moved by filtering. 

The Potassium Laboratory Arc con- 
sists of two complete units: a lamp hous- 
g and an enclosed electrical auxiliary. 
INo adjustments are necessary and the 
lamp can be burned in any position. 
Lamp housing may be dismounted and 
attachment rod removed for operation in 
low positions. 


More complete details may be obtained 
from the manufacturer: George W. 
Gates & Co., Inc., Hempstead Turnpike 
& Lucille Ave., Franklin Square, L. L., 
New York. 


New Device for Changing Tap Water 
into Distilled Equivalent 


A new device for rapidly changing 
ordinary tap water into the chemical 
equivalent of triple distilled water (in 
terms of specific resistance) for as little 
as ten cents a gallon is announced by 
Central Scientific Co., 1700 W. Irving 
Park Rd., Chicago, Illinois. 

The new device, called Quikpure, is 
comprised of a 16-ounce polyethylene 
squeeze bottle the bottom of which con- 
tains a mixture of cation and anion ex- 
change resins. Tap water poured into 
the bottle comes into immediate contact 
with the resins and is converted to distilled 
water in about one minute. 

A specially designed cap permits the 
user to discharge the distilled water from 
the squeeze bottle, but will not allow the 


resins to escape. They remain in the 
bottle and may be used repeatedly up to 


about 25 gallons of water, depending upon 
its hardness. When the resins cease to 
react, a color change occurs caused by 
the presence of a registered food, drug, 
and cosmetic dye. 


Needle Valve Buret 


Designed to perform titrations without 
the annoyance of stopcock adjustments, 
the Needle Valve Buret has recently been 
introduced by the Emil Greiner Co., 20- 
26 N. Moore St., New York 13, New York. 


The new needle valve is constructed of 
glass and plastic; liquid comes in con- 
tact with only glass and teflon. Other 
plastic parts, not in contact with liquid, 
are made of Hysol which is resistant to 
acid, alkalies, salt, and nearly all organic 
liquids. 

The Buret tube is made from precision 
bore pyrex tubing accurately calibrated 
to Bureau of Standard tolerances, and a 
new process for producing a permanent 
fused-in ceramic scale insures permanent 
linearity. 

High Temperature Combustion 
Furnace 


Hevi Duty Electric Co., Milwaukee 1, 
Wisconsin, announces a new model High 
Temperature Combustion Tube Furnace. 
The 2600°F. operating temperature is 
adequate for combustions which are 
normally difficult such as high alloy tool 
steels and heat resisting steels. 

This furnace is a complete self-con- 
tained compact unit with all the necessary 


hot caustics. 


dish! 


Akron 9, Ohio 


Please mention CHEMICAL EDUCATION when writing to advertisers 


hor chemically resistant 


JARS, 
-CROCKS, TANKS 


HEMICAL 
ORCELAL 


High-fired “U.S.” White Chemical Porcelain is chemically 
inert to acids of all concentrations, except hydrofluoric 
acid, to all solvents and to alkalies with the exception of 


Jars, pots, tanks, etc., made from “U.S.” Chemical Porce- 
lain are leak-proof, mechanically strong, dense, and of 
virtual zero porosity. Moreover, Porcelain contains no 
iron to be absorbed — absolute assurance that your solu- 
tions will be held contamination-free! 
And porcelain is virtually ageless, making for long main- 
tenance-free service life. No-seam, no-joint construction, 
smooth lustrous surfaces and rounded corners permit 
porcelain receptacles to be cleaned as easily as a china 


“U.S.” complete line of Chemical Porcelain pots, jars, 
crocks and tanks include a wide variety of types, with 
capacities ranging from 2/2 to 200 gals. 


Special shapes can be produced in a wide range 
of types and sizes to meet your requirements. 


Write today for Bulletin 410 
which gives full particulars. 
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ment for the future. 


in accomplishment and production. 


toward guaranteeing that future. 


_ for the future... 


SCIENCE CREATED INDUSTRY 


Industry, In Turn, Is Now The Manufactured by 
Mainstay Of Science 


The workshop for scientific discoveries is an invest- L A B 0 e AT 0 R Y e U R x | T U S f 


Indispensable for the future is insurance that today’s COMPANY, INC. 
‘capital investment will give you the greatest returns 


STEELAB laboratory furniture, planned, designed Agents in principal cities 
and constructed to provide every advantage of rugged- 
ness and long life, at minimum cost, will go a long way 


Over 45,000 installations attest the demand for REVISED edition 
STEELAB furniture in the fields of industry, educa- | of 
tion, medicine, government and research. rt Slag 


MINEOLA, LONG ISLAND, N. Y. 
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@ The convenient, hand-operated 
No. 2811 PELLET PRESS produces 
Vy, or in. dia. tablets from 
owdered samples for complete 
combustions without spattering. 


@ Gasoline and other volatile liq- 
uids are easily weighed and burned 
in the No. AI85A VOLATILE SAM- 
PLE HOLDER. 


Ask your Parr Dealer for 
prices, or write direct. 


@ ACCESSORIES 


@ COMBUSTION CAPSULES are 
offered in: stainless steel (43AS) for 
eneral use; Hastelloy C (43A4) 
or long service with high oxidation 
resistance; and platinum (43A5) for 
precision tests. 


@ The No. 1823 Safety Relief Type 
OXYGEN FILLING CONNECTION 
prevents dangerous overcharging, 
eliminates accidental gage damage, 
permits close regulation of gas flow, 
and shows both tank and bomb pres- 
sures in atmospheres. 


EST, 1899 MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT 
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emperature indicating and accurate con- 
ol devices located in the pyramid type 
ace base. Silicon Carbide Heating 
ements located above and below the 
ombustion tube assure uniform heat 
jstribution and rapid heating. Com- 
bustion tubes of different diameters up to 
in. can be used by changing the plug 
inserts at the ends of the furnace. An 
djustable tube clamp holds the tube in a 
m position. Write for more informa- 
jon in Bulletin 254. 


tridge-Type De-Ionizer 

A cartridge-type De-ionizer to produce 
pliis-free water at the rate of five gal- 
ons per hour is announced by the Illinois 
Water Treatment Co., Rockford, Illinois. 
wo models of the ‘‘ionXchanger” are 
biered—the Research Model for pro- 
jucing water comparable to triple distilled, 
pnd the Universal Model for single dis- 
illed. No electrical controls are required. 
fixed resins change color as exchange 
rapacity of unit becomes exhausted. 
nits are easily replaced in a matter of 
keconds, and can be mounted on labora- 
ory test stands or in permanent bracket. 


Refrigeration System 
A unique Portable Refrigeration Sys- 
em, manufactured by A. Daigger & Co., 
Wms now on the market. This sturdy, 
bealed unit is designed to serve all your 
ooling requirements. Complete control 
0 give any cooling capacity, large enough 
o cool your largest water bath, small 
enough to fit into your corner or a flexa- 
rame setup neatly. 


The ‘‘BeekurGrip” features a novel re- 
mote control (in the handle top) spring 
tension grips; simple adjustment to ac- 
commodate 50-250 ml. beakers inclusive; 
and a built-in platform which acts, in 
operation, to prevent contamination and 
spillage. Further information may be 
secured from the manufacturer, The Nalge 
Co., 625 S. Goodman St., Rochester 20, 
New York. 


Polyethylene Laboratory Ware 


A new, illustrated four-page bulletin 
gives complete information regarding the 
assortment of polyethylene laboratory 
ware available from the Arthur H. 
Thomas Company. The bulletin includes 
detailed information as to the properties 
and applications of polyethylene, together 


with prices and descriptions of a line of 
68 items of beakers, bottles, screw caps, 
graduated cylinders, funnels, pipets, tub- 
ing, etc. Bulletin 114, Arthur H. Thomas 
Co., 230 8. 7th St., Philadelphia 5, Pa. 


Melting-point Apparatus 

Changes in the new model of the Fisher- 
Johns melting-point apparatus include 
these: (1) the control unit and heating 
stage have been combined into a single 
compact unit ready for instant use; (2) 
controls have been simplified, with a 
variable transformer now graduated in 
per cent power input, permitting rapid, 
continuous, and reproducible control of 
heating rate; and (3) the stage is illumi- 
nated. 

Accuracy, without calibration, is within 


for Your LABORATORY 


This Free Book — 
Just off the Press — 
describes in detail 


FOR HANDLING HAZARDOUS MATERIALS 


FOR YOUR 
LABORATORY 


MANUFACTURING COMPANT 
ADRIAN MICHIGAN 


System 


Provides the utmost in 
SAFETY — CONVENIENCE 
and ECONOMY 


With the rapid strides being made today in 
Chemistry, Biology and Radiology, the safety 
keynote in modern Laboratory operation is— 


“CONCENTRATE-CONFINE” 


—whether materials handled are in the field of 
Isotopes, Explosives, Solvents or toxic riiateri- 
als. Just a few minutes spent with this free new 
Kewaunee Book will show you how you can 
be sure your Laboratory will provide vital pro- 
tection to personnel, as well as outstanding 
flexibility and economy of operation. 

Before you invest in any new Laboratory 
Equipment, see how Kewaunee makes it easy 
for you to apply the modern approved sys- 
tem of standardized individual safety working 
enclosures. 


The CBR System by Kewaunee 


marks another great achievement in our 50- 
year record of keeping ahead with the latest 
and best in Laboratory Equipment. 


Send for “The CBR System by Kewaunee”—today. 
The Kewaunee “CBR TWOSOME”’ J. A. Campbell, President 
Sales Offices in Principal Cities 5014 S. Center St. * Adrian, Michigan 


It is ideal for control of constant tem- 
perature work, replaces dry ice in small 
ontainers, temporary storage for un- 
stable chemicals, cooling unit for frac- 
tionation columns, cool baths for ther- 
mometer calibration, a freezing stage for 
microscopes, power source for dry freez- 
ing, and innumerable other uses. 

For additional information write to A. 
Daigger & Co., 159 W. Kinzie St., Chicago 
10, Illinois. 

‘BeekurGrip’’ 

The ‘‘BeekurGrip’” was especially de- 
signed to facilitate the rapid, safe hand- 
ling of beakers in descending-type chro- 
mMatographic apparatus containing cor- 
rosive or irritating solvents. Its light 
weight and all aluminum design guarantee 
easy manipulation and lasting service. 
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Our new catalog No. 54-C, which will soon be ready for distribu- 


tion, will contain the most complete list of chemicals available. 


Besides listing thousands of organic and inorganic chemicals, the 
new catalog contains complete lists of National Aniline Biological 
Dyes, Difco Laboratories Culture Media; herbs, extracts, solutions 


and allied products. 


Catalog No. 54-C is available free on request. 
Please use your firm or institution letterhead. 


AMEND DRUG & CHEMICAL Co., 


117-119 East 24th Street 


INC. 
New York 10, N. Y. 
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r-— DISCOVERY 
of the 
ELEMENTS 


Mary Elvira Weeks 


Nature’s primeval building materials, about ninety 
chemical elements, have been uncovered one by one 
through the ages by patient searchers in many lands. 
These discoveries are recorded for the most part in old 
chemical journals and letters, biographical dictionaries, 
and obsolete textbooks seldom read by the busy modern 


Present-day scientists are fortunate to have these scat- 
tered records now assembled in one compact, readable 
‘volume. Here for the first time the finding of the elements 
is told as a connected narrative. For the general reader, 
and for the chemist as well, scanning this book is like 
making a voyage through history, discovering many re- 
mote spots and elusive people. These fascinating ac- 
counts of scientific achievements not only inform the 
reader of momentous events but acquaint him with the 
life-stories of men and women whose indefatigable labors 


CHEMICAL EDUCATION PUBLICATIONS 


have made possible most of the material blessings which 
we enjoy today. 

A vast amount of information, all of it intensely inter- 
is packed within these covers. 330 illustrations, many of 
them rare, provide a panorama of chemical history and 
add greatly to the value of the book. 

“For the beginner in science there are few books 
more suitable for collateral reading. To older 
readers, a veritable treasure-trove of scientific in- 
formation.” —Scientific Monthly 


“Unique in its class, scientific and broadly human- 
istic, scholarly and interesting.”—Tenney L. Davis 


“The author succeeds in presenting the tenseness 
w! must have coogi = search for new ele- 
ments.”—Elementir Matematik Fysik och 
Kemi 

“Fascinating reading. . . . The chemists, ancient 
and modern, are made to seem alive.”—The 
Chemical Age 


“A treasure house for those who take pleasure 


coming into intimate contact with way ives of gr 


The Science Teacher 


“Should be required reading for all college teach- 
ers . on the reserve reading list of all other 
chemists."—Journal of American Chemical 
Society 


(Outside U.S.A. $4.50) $4.00 


liquids. 
of the 1 


but give 


Comp 


Perkin-] 


cut. 


C 
able 


Conti 
tional 
availabl 
have sy: 
peptides 
cine, Ce 
amide, 
hydrazic 
phenyla 
L-pheny 

These 
substrat 

Prices 
request, 


ties, Inc 
6, New 


@ Abu 
terials’”’ 
Pctrolev 
New Yo 
lets, film 
with pet 
@ Preci 


new 
Ccision-F 


20th and Northampton Streets, Easton, Penna. 


JOURNAL OF CHEMICAL EDUCATION, JUNE, 195 


Incubat 
latest as 


Please 


| 
| 
° | 
eee | 
—_la < 
the New catalog 
| 
~ 
| 
| 
| 
| 
| 

Ist. 

| 
er New Li 
t 

i 
rsleg readers on to a more careful study of science.” — 
4 
| 
30 
} 


-2°C.,-sufficient for many identification 
and purity checks. With calibration, 
accuracy of the new model is +0.5°C. 
t uses 115-volt, 60-cycle a. c. 

Further information may be had from 
Fisier Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. 


ience Reference Sources 


“Science Reference Sources,” a useful 
guile to more than 1200 representative 
bibliographical and reference tools, is 
announced by the University of Illinois 
Library Schodi. The list includes gen- 
eral works in engineering, agriculture, and 
medicine, as well as source materials in 
the pure sciences. A feature of the 
volume is an outline of the several divisions 
of modern science with definitions of each 
subject. Also brought together for the 
first time is a list of astrographic cata- 
logues covering the heavens from every 


A limited number of copies of “Science 
Reference Sources” are available from the 
Illini Union Bookstore, Champaign, IIl., 
for $1, postage included. 


Die for Infrared Analysis of Solids 


The Perkin-Elmer Corp. is now market- 
ing a new die for use in making infrared 
analyses of solids. A small quantity of 


mide-sample mixture. These discs are 
transparent to the entire infrared spectrum 
and are analyzed as easily and quickly as 
liquids. The spectrometer, with the use 
of the new die, not only identifies solids 
but gives their composition. 
ij 6©Complete details are available from the 
i Perkin-Elmer Corp., Norwalk, Connecti- 


Continuing their efforts to provide addi- 
tional peptides not yet commercially 
available, Mann Research Laboratories 
have synthesized five new Carbobenzoxy- 
peptides: Carbobenzoxy - glycyl - u - leu- 
cine, Carbobenzoxy - glycyl - L - leucine 
amide, Carbobenzoxy - glycyl - t - leucyl- 
hydrazide, Carbobenzoxy - glycyl - L - 
phenylalanine and Carbobenzoxy-glycyl 
i-phenylalanine amide. 

These compounds are useful as 
substrates in enzyme research. 

Prices and information available, upon 
request, from Mann Research Laborato- 
ia ties, Inc., 136 Liberty St., New York City 
is 6, New York. 


| New Literature 


i @ A bulletin entitled “Teaching Aid Ma- 
is terials” is available from the American 
Petroleum Institute, 50 West 50th St., 
New York 20, New York, which lists book- 
leis, filmstrips, and motion pictures dealing 
with petroleum and its products. 

f @ Precision Scientific Co. has published 
ha new “Catalog #331” describing Pre- 
cision-Freas and Thelco Ovens, Sterilizers, 
Incubators, and related equipment. The 
36-page illustrated booklet describes the 
latest additions to the Freas line of con- 


WELCH STAINLESS STEEL 


TRIPLE BEAM BALANCE 


provides Wide Range - Fast Weighing 


CAPACITY: 
1,610 grams 


SENSITIVITY: 
0.1 g. 


All Exposed Parts and Beam—Stainless Steel 


Hard, Corrosion-Resistant COBALITE KNIFE EDGES 
Covered AGATE BEARINGS 
e DURABLE CONSTRUCTION e SPEEDY e ACCURATE 


Complete with two extra weights, Each $21.00 


Filter Papers 
have earned their degrees 


E & D papers don't own PhD's, 
but they do have degrees of 
filtration, clarity and rapidity. 
More than 60 grades are 
regularly made for labora- 
tory and industry. 

E & D papers have been going 
to school since 1890. Quite a 
record. And they are made by 
the only company in America 
exclusively devoted to the 
SINCE 1890 manufacture of filter paper 


THE EATON-DIKEMAN CO, | for free samples. 


MOUNT HOLLY SPRINGS, PA. 
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WHATMAN 
Cellulose Powders 


for Column 


Chromatography 


The use of purified cellulose powders 
for the separation of the constituents of 
larger samples ihan can be handled on 
filter paper is growing rapidly. 


Four types of WHATMAN Cellulose 
Powders are now available. There is the 
ashless quality in the Standard grade, 
ground to pass a two hundred mesh screen 
and in the Coarse grade which permits more 
rapid passage of liquids. 


Also available is a quality not washed 
in acid in fine and coarse grades. 


All workers in chromatography will 
wish to investigate the possibilities of these 
powders for their work. 


Send for samples and literature today. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


WHATMAN Filter Papers are the choice 


a 
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Photometers 


Klett-Summerson | 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


hes 
KLETT SCIENTIFIC PRODUC 


ELECTROPHORESIS APPARATUS e BIO COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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is redesigned Low Temperature Incubator, 


stant temperature cabinets, including 
ecessed-in-the-wall ovens and sterilizers, 


and new, frameless glass inner doors. 

For all 54 models, the essential informa- 
jon—dimensions, temperature range, 
power requirements, weight, and acces- 
sories—is presented in convenient tabular 


form. The catalogue greatly simplifies 
Mithe problem of laboratory or hospital 
Himanagers who require constant tempera- 
ure cabinets. 


Waquesting “Catalog #331.” 


A free copy will be mailed to those re- 
Write to: 


WaPrecision Scientific Co., 3737 West Cort- 


land St., Chicago 47, Illinois. 
@ The fifth issue of the “Nucleus” has 
just been released by the Nuclear Instru- 
ment and Chemical Corp., 229 West 
Erie St., Chicago 10, Illinois. 

Articles in the issue describe a new gas 
flow counter developed especially to de- 
tect soft beta radiation emitted from radio- 
active isotopes such as carbon and hydro- 
gen, an article on health safety in the 
radioisotope laboratory, an article featur- 
ing scintillation counters and their medi- 


Hiical applications, and an article describing 
Jan economical means of shielding a highly 
cobalt-60 source. 


Copies will be gladly sent on request. 


@ Schaar and Co. offers a-new 16-page 
catalogue on Chromatography and Paper 
Electrophoresis apparatus and equipment. 
Illustrated and described in detail are Jar 
Assembly Setups; Chromatographic Cab- 
inets; Ovens; Electrophoresis Units; Den- 
sitometers; Recommended Filter Papers; 
Accessory Apparatus Such as Spray Bot- 
tles, Clips, Ultra-Micro Pipettes, and 
Special Support Racks; and many other 
items of interest to those doing either 
paper strip or paper sheet work. Espe- 
cially useful in the catalogue is the careful 
listing, with illustrations, of the many re- 
placement parts needed for Jar Setups and 
Cabinet Solvent Assemblies. Available 
on request from Schaar & Co., 754 West 
Lexington St., Chicago 7, Illinois. 

@ Delmar Scientific Laboratory, 1551 
North Cicero Ave., Chicago 51, Illinois, 
has just published a new catalogue illus- 
trating and describing their line of scien- 
tific glassware. Copies of this 54-page 
booklet are available free on request. 

@ A new catalogue on protective coatings 
has just been published by the Varniton 
Co., 416 North Varney St., Burbank, 
California. The catalogue gives useful 
data on Varniton plastic paint, solvent 
proof paint, and label varnishes. 


@ Subject of the newest Fisher bulletin 
(FS-230) is the laboratory oven, an ap- 
paratus important to research, testing, 
quality control, and clinical and educa- 
tional laboratories. The eight-page bulle- 
tin lists and describes all the Fisher 
‘fsotemp” ovens and summarizes the 
basic studies in heat transfer that led 
Fisher engineers to turn the conventional 
“box” heated by warmed air into a uni- 
form-temperature apparatus heated by 
its own aluminum walls. The bulletin 
may be obtained from Fisher Scientific 
Co., 717 Forbes St., Pittsburgh 19, Pa. 

@ Professional opportunities in the labora- 


tories of International Business Machines 
Corp. are described in the company’s 


Ace Catalog Lists 
a Complete Range of 


Condenser Types and Sizes 


Graham 


West 
Allihin-Kronbitter 


Friedrichs 
Hopkins 
Davis 
Dewar 
Liebig 
for the answer 
to Your Condenser Problems 
Come fo ACE 
| helf service 
Call and ask for Mr. Paul 
Ace Catalog 
with complete Condenser listings 
sent promptly on shan, 
Dep’t c—C: 


Acs A) INCORPORATED 
ACE GLASS (@ new seRsey 
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“The Versatile Desiccant” 
For Drying 
SOLIDS—LIQUIDS—GASES 


For eighteen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. H.O per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 

Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic swub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


FOR CORROSION - RESISTANCE 
in Window Stools « 


* and Tops... 


Alberene Soapstone table tops, sinks, shelves, fume hoods and 


window stools, Ira Remsen Hail, Queens College, Flushing, N. Y. b 
Hoods furred down to opening. Fellheimer & Wagner, Archts. V 
d 


Architects 
and Institutions choose) 


ALBERENE 
STONE 


In the nation’s leading schools, colleges, industrial re- 
search centers, hospitals — wherever corrosion is a prob- 
lem — ALBERENE STONE is the choice for window ; 
stools (also sills) and laboratory table tops, sinks, fume 
hoods, and shelving. Because Alberene Stone is a natural 
material that is highly weather- and corrosion-resistant 


.. durable . . . and attractive. And .. . because Alberene 
Stone is easy to handle — easy to drill and cut. 
Our engineers are familiar with the latest develop: 
ments in all types of laboratory construction. For techs 
nical information, write us today. 


ALBERENE STONE 
CORPORATION 


419 Fourth Avenue, New York 16, N. Y. 
Branches in all Principal Cities 
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@ The illustration above is of a 
Knight-Ware acid drain line instal- 
lation made in the new chemical 
laboratory building of a large uni- 


aa versity. When the old laboratory 
Y. building was torn down, the Knight- 
hts. Ware sinks, drain lines and fume 


ducts, which had been in use for 
over 45 years, were found to be still 
in excellent condition. 


Knight - Ware is no ordinary 
“sewer pipe’’ ceramic—it is a special 
acid-proof ceramic that is resistant 
to all corrosives. * 


Knight-Ware sinks, sumps, pipe 
and fume ducts can be installed by 
any competent plumber. 


Knight-Ware is widely used in col- 
leges, hospitals, laboratories and 
publishing plants, as well as in 
industrial, chemical and pharma- 
ceutical plants. 


*excepling hydrofluoric acid and 
hot caustics. 


A completely detailed and 
illustrated brochure will 
be sent on request, 
ask for bulletin No. 12-Y 
—KNIGHT-W ARE. 


MAURICE A. 
KNIGHT 


206 Kelly Ave., Akron, O. 


new booklet, ‘‘Opportunities Unlimited,” 
which is available on request. The book- 
let discusses the work of its scientists and 
describes the services the company pro- 
vides to enable engineers to make maxi- 
mum use of professional skills. General 
information about the company and its 
products is included, as well as a de- 
scription of training programs, educa- 
tional opportunities, and employee bene- 
fits. For a copy of the booklet, write to 
the Department of Information, Inter- 
national Business Machines Corp., 590 
Madison Ave., New York 22, New York. 
@A new government publication is 
“Recommendations for the Disposal of 
Carbon-14 Wastes,” National Bureau of 
Standards Handbook 53, 14 pages, 2 
tables, costing 15 cents. (Order from 
the Government Printing Office, Wash- 
ington 25, D. C.) 

The recommendations contained in this 
handbook were prepared by the National 
Committee on Radiation Protection, Sub- 
committee on Waste Disposal and Decon- 
tamination. 

As the problem of the disposal of radio- 
active wastes varies over such wide 
limits, depending upon the use to which 
the isotopes are put, the NCRP decided 
that it was not feasible to incorporate in 
one volume broad recommendations cover- 
ing all situations and materials. Ac- 
cordingly, individual reports dealing with 
particular conditions will be issued from 
time to time. Handbooks 48, 49, 51, 52, 
and 56, dealing with problems of con- 
tamination, waste disposal, and instru- 
mentation, have already been published. 

The recommendations of this handbook 

are considered to be at once very con- 
servative with respect to health hazards 
involved and very liberal with respect 
to the needs of users of carbon 14. The 
disposal recommendations are divided into 
six sections: Isotopic Dilution, Sewers, 
Incineration, Atmospheric Dilution, Gar- 
bage, and Burial. In addition the hand- 
book contains general considerations, 
bases for recommendations, and _ refer- 
ences. 
@ Another new publication is ‘Polymer 
Degradation Mechanisms,” Proceedings 
of symposium held September 24-26, 
1951, National Bureau of Standards 
Circular 525, 280 pages, 157 figures, 82 
tables, buckram bound, $2.25. This, also, 
is obtainable from the Government Print- 
ing Office, Washington 25, D. C. 

Research on the durability of polymeric 
materials is of increasing significance in 
view of the growing importance of these 
synthetic products in our national econ- 
omy and defense. A knowledge of the 
mechanisms by which polymers degrade 
is needed in order to predict more ac- 
curately their expected service life, to 
inhibit degradation more effectively, and 
to devise better methods of accelerated 
testing. 

The papers in this volume record the 
progress that has been made in elucidat- 
ing the structure of the polymers and the 
mechanisms of their breakdown. The 
papers were presented by scientists from 
all over the world; a record of the dis- 
cussion that followed each paper is also 
given. The volume summarizes much 
of the work carried out on the mechanisms 
of polymer degradation in the past decade. 
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WACO SEMI-MICRO 
APPARATUS 


— Cast aluminum 
head centrifuge 
for semi-micro 
procedures. Com- 
pletely safe. 


Economically 
priced. Silent. 
Ruggedly-built for 
long life. For 3” 
and 4” test tubes. 


... the WACO per- 
mits quick stopping 
through slight 
pressure! 


No. JC-2314-M. 
WACO _ Separator. 
For 110 V. 60 k 

00 


At the price, WACO Spatulas 
class as “‘Non-Returnables!”’ 


HAND FINISHED Spatulas, perfectly shaped 
for Semi Micro Qualitative aid Organic 
Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glass- 
ware breakage is reduced, as scratching is 
eliminated. 

No. JC-7027. WACO Monel Spatulas 
175 mm. long, blade 23 X5 mm. tapered 
to 3 mm. width. Slightly dished tip to hold 
crystals. Bottom rounded. 


$2.70 per doz., $21.50 per 100. 


x kkk 


Beautiful . . . reagent resisting - strong, 
Styrene Plastic! 
No. JC-7905. WACO Plastic Tray. For 


14 Dropper Bottles, 15 mi. Each..... 60¢ 


No. JC-7995-B For 12 bottles, 


Laboratory Supplies and Equipment 


WILKENS-ANDERSON CO. 


4525 W. Division St. Chicago 51, Hl 


E 
“Lasting Protection i 
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Single San T | 
RED STYRENE PLASTIC TRAYS 
for Semi-Micro Bottles 
| | 
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3-Acetyl rie ci 
ae = pyridine s- 
Aconitic Acid; Acridine H drochlorid Adenosine lodide, cs 
Adonidine; A Alanyisiycine Ikaloids Amylase; 
Anserine idic Acid; Arachidonic Acid; 1- 
Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
Camosine; Catalase cryst.; Cellulase Cerotic Acia; 
a-Chloralose, 9-Chlorlose, ilidophos- 
phonic Acid; p-Chloromercuribenzoate Esters; Circule- 

Glycinate; Dehydroascorbic Aci 
de, 


Dihydroxyacetone Phos Fluorophos: 


Fructose-6-Phosphate, Gitoxin, Gluco- 
y Giyceraidehyde Ph Phosphate; glycine; 


Glycylleucine; Glycyltrypto sine; Heparin; Hexo- 
kinase; Hyaluronic Acid; drox acridine;' 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12 vdronystearic acid, | lodoacetamide; 
Acid; Acid; Isocitric Acid; 
Lignoceric Lithium Margatic A 

ide; S-Mercaptopropionic id, escaline 
8-Methylerotonic Acid; 3- Methyi- 
B-Nap! Acid; 


-Tocopherol Phos 
wages copher T cryst.; Uridine; 


<= 
bilin; Acid; Vitamin 


Ask us for others! 


DELTA CHEMICAL WORKS nc. 


23 West 60th St. New York 23,N.Y. 
Telephone Ploza 7-6317 


Now auattable 


...... @ most useful reference.’ 


25-Year CUMULATIVE INDEX 


Journal of Chemical Education 


(Volumes 1 to 25, 1924-1949) 


“This 25-Year Cumulative Index of the Journal of 
Chemical Education is a most useful reference. Re- 
search workers, chemistry teachers, and chemists 
will find it most valuable as a quick source of infor- 
mation for many articles written on chemistry and 
chemical education during the quarter of a century 
1924-1949. Starting out somewhat hesitatingly and 
as a relatively small volume, the Journal of Chemi- 
cal Education has reached a state of stability and 
world renown possibly exceeded by only two other 
science publications in America. 


“The volume is indexed both by author and by 
article title. It should serve as a great time-saver 
for chemical education and science education re- 
search workers.” 

Science Education, April 1954 


($3.50 foreign) 


Journal of 


CHEMICAL EDUCATION 


EASTON, PENNSYLVANIA 


CHEMICAL RUSSIAN SELF-TAUGH 


J 


_ cal literature. 
‘ convincing effort to dispel the all-too- 


‘‘With commendable sim- 
plicity, directness, and 
common sense the author 
presents a plan for learn- 
ing, by self-instruction, to 
read the Russian chemical 
literature.”’ 
says Robert W. Auten 


CHEMICAL AND ENGINEERING NEWS 


by J. W.. Perry 


“THE excellent series of publications 
which have appeared under this title at 
intervals during recent years in the 
JOURNAL OF CHEMICAL EDUCA- 
TION (1944-47) is now available in 
book form. A glossary of approximately 
1,700 Russian technical terms has been 
added. 


“With commendable simplicity, direct- 
ness, and common sense, the author 
presents a plan for learning, by self- 
instruction, to read the Russian chemi- 
He makes an earnest and 


common fears that the language is so 
difficult that only the specially gifted 
can learn to use it. 


“The book includes a clearly written 
outlirie of the salient features of the 
Russian grammar (supplementary study 
of a standard grammar recommended) 
and a detailed and copiously illustrated 
exposition of the systematic nomencla- 
tures of inorganic and organic chemis- 
try. Although there are no passages for 
practice reading, it is wisely recom- 
mended that the reading of ‘material 
relating to known subject matter—e.g., 
a beginner’s text in chemistry’ be started 
‘as soon as the barest rudiments of gram- 
mar have been learned.’ ” 

$3.00 


232 pages (Foreign $3.50) 


CHEMICAL EDUCATION PUBLICATIONS 


2008 NORTHAMPTON ST. 


EASTON, PA. 


JOURNAL OF CHEMICAL EDUCATION, JUNE, 1954 
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THE KEYBOARD OPERATED WEIGHTS: 


© Hang from the stirrup — have same effect as weights 
in the pan 

© Are units of mass — not arbitrary weights adjusted 
to the balance 


© Are not handled in weighing — retain their accuracy 
longer 


© Can be removed easily — for cleaning, checking or 
intercalibration 

© Can be used with conventional weighing — or with 
substitution method 


© Can be used with tare weights — and have the range to 
cover many variations. 


THE KEYBOARD OPERATION: 


@ Is simple, sure — proved for 50 years 
©@ Deposits or lifts any “carrier weight’— without opening 
the case 


@ Eliminates handling of smaller milligram weights — is 
fast and convenient. 


KEYBOARDS ARE AVAILABLE ON: 


Ainsworth Micro, Semi-Micro, Assay, and 
Two Series of Analytical Balances. 


Wn. AINSWORTH & SONS, Inc. 
2151 LAWRENCE ST. * DENVER 2, COLORADO 


The RIGHT WEIGH | 
| 
il 
1 
| For More Accurate Fast Weighing — Ainsworth Keyboard Balances 
PA. 
E, 1954 


“The finest reagent is the least 
costly laboratory ingredient.’’ 


FISHER LIQUID CHEMICALS 
NOW PACKAGED 


sy Volume 


«means lower cost 


A pound may be a pound, but how do you use it? 


Mostly by volume, seldom by weight. Then why 
are the smaller liquid reagent quantities packaged 
by weight? 


This question bothered us for some time until we 
saw the results of a survey recently taken among a 
large group of practicing chemists. 


Of the chemists interviewed, the survey revealed, 
78 per cent said they preferred the packaging of liquid 
chemicals by volume rather than by weight. 


It seems that we were not the only chemists plagued 
by many odd size bottles, as a result of packaging by 
weight. Because the verdict—78 per cent—was so 
decisive, we are now packaging liquid chemicals by 
: volume rather than by weight. 


The uniformity of containers, larger purchases of a 
few sizes, with simplified inventory and better use of 
packaging machinery mean a saving in the cost of 
packaging which can be passed on to you. 


FISHER SCIENTIFIC 


PITTSBURGH (19) NEW YORK (14) ST. LOUIS (18) 

717 Forbes St. 635 Greenwich St. 2850 S. Jefferson Ave. 

MONTREAL (3) WASHINGTON TORONTO (8) 

904 St. James St. 7722 Woodbury Dr. 245 Carlaw Ave. 
Silver Spring Md. 


America’s Largest Manutacturer-Distributer of Laboratory Appliances and Reagent Chemicals 
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